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LEGAL NOTICE

This report was prepared by Southern California Edison (SCE) and funded by the California utility
customers under the auspices of the California Public Utilities Commission.

Copyright 2018, Southern California Edison. All rights reserved, except that this document may be
used, copied, and distributed without modification.

Neither SCE nor any of its employees makes any warranty, express or implied; or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness of any data, information, method,
product, policy or process disclosed in this document; or represents that its use will not infringe any
privately-owned rights including, but not limited to, patents, trademarks or copyrights.
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1 Introduction

The California Building Energy Efficiency Standards Title 24, Part 6 (Title 24) (CEC, 2016b) is maintained and
updated every three years by two state agencies, the California Energy Comn(3&i6) and the Building

Standards Commission (BSC). In addition to enforcing the code, local jurisdictions have the authority to adopt
local energy efficiency ordinances, or reach codes, that exceed the minimum standards defined by Title 24 (as
establishel by Public Resources Code Section 25402.1(h)2 and Secti@ 1@ the Building Energy Efficiency
Standards). Local jurisdictions must demonstrate that the requirements of the proposed ordinance are cost
effectiveand do not result in buildings consumingre energy than is permitted by Title 24. In addition, the
jurisdiction must obtain approval from the CEC and file the ordinance with the BSC for the ordinance to be legally
enforceable.

The goal of this study is to evaluate-bifl cost effectveness ofnstalling photovoltaic (PV) panels on
nonresidential buildings for all sixteen climate zones in California. This investigation is in response to jurisdictions’
interest in incorporating PV in the nonresidential Title 24 code:

1) Applicability
a) All nonresidential new construction
b) All highrise multifamily residential new construction
c) All nonresidential redevelopment at least 10,000 ft
2) Requirements
a) Expand solar zone requirement for new nonresidential to include buildings with four to ten habitable
stories
b) Require PV systems with a capacity of either
i) 80% of the building’s modelled annual electric load
i) 15 DC watts per square foot of solar zéne

At the time of this memo, utility rate modeling and related energy cost calculations are fihdizBEG&E rd SCE
territories. The utility rate modeling for SDG&E territory is being reviewed by the utility for all prototypes.
analysis for SDG&E territoryncludingclimate zones 710 and 14 is excluded from thisnemountil full
clarification is received ffom the utility.

2 Methodology and Assumptions
2.1 Building Prototypes

TRC selected nonresidential new construetbuilding types intended to represent boundary conditions for utility

bill cost effectiveness analysis when accounting under net energy metering 2.0 (NEM 2.0). In other words, a large
building and small building are likely to have different utility rate structuessabbse they will have high and low
energy usage, respectively. Thus they represent the boundaries that other building types would fall in between. If

12016Title 24, Part 6, Section 110.10(b)E®r highrise multifamily(ten habitable stories or fewegnd nonresidential

(three habitablestories or fewer), The solar zone shall be located on the roof or overhang of the building or on the roof or
overhang of another structure located within 250 feet of the building or on covered parking installed withittieg project
and have a total area no less than 15 percent of the total roof area of the building excluding any skylight area.
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both buildings are proven to be cost effective, then all buildings in between can be assuitnedast eective.
For the large building, TRC used HRibe Multifamily prototype to represent multistory mixede new
construction.

TRC modeled a retail strip mall of 9,374 dr the nonresidential redevelopment scenario to support cost
effectiveness for altations greater than 10,0004t TRC chose thetail strip mall prototype because it was the
DOE prototype with a floor area closest to 10,060fRC assumed that the 8,000 f¢ threshold in the proposed
ordinance was chosen to ensure that ‘largeoudh’ alterations projects would be subject to the ordinaree
projects that have a high nominal cost. Because savings potential seswgigh building sizeTRC assumedah
demonstrating coseffectiveness for an approximately 10,000dtototype showsthat the PV installations are
economical for projects >10,000 ft

TRC developed a total of 64 prototypefour building types in 16 climate zones. The four building types, based
on the prototype selection include the following, described in‘more detdtigurel:

New constructionlarge nonresidential building three-story Medium Office 53,628 ft
New construction, small nonresidential buildingirglestory Small Office’5,502 f¢
New construction highise residential bilding—twelve-story HighRise Multifamily 94,088 ft
Existing (prel978 code), nonresidentialsinglestory Retail Strip Mall9,375 ff
Figure 1. Prototype Characteristics Summary

X X X X

Building Type Medium Office Small Office High-Rise Multifamily Retail Strip
Mall

Area (f8) 53,628 5,502 94,088 9,375

Roof Area (%) 17,876 5,502 8,512 9,375

# of floors 3 1 12 1

(9-residential floors, 78iwelling units)

Window-to-Floor Area 13% 11% 27.35% 8.21%
Ratio
HVAQistribution 3x Packaged Variable 5x Packaged Single Zone A Common Area®?VAV Single Zone
Sysem Air Volume with VAV Conditioners Dwelling UnitsE ive f i Air
Hot Water Reheat Welling LnitSFOUFpIpe fan col Conditioner
Cooling System Direct Expansion, 9.8  Direct Expansion, 13 SEEFR Common areasDirect expansion Direct
EER . . . Expansion,
Dwelling UnitsChilled Water 13 SEER
Heating System Boiler, 80% Thermal Furnace, 78% AFUE Boiler, 80% Thermal Efficiency Furnace,
Efficiency 78% AFUE
Conditioned Thermal 18 5 40 4
Zones
Domestic Water Natural Gas Storage, 2  8x Natural Gas Storage, 2 Natural Gas Storage, 100 Gallon Tar Natural Gas
Heating Gallon Tank, EF = 0.64 Gallon Tank, EF = 0.71 EF=0.8 Small
Storage, 14
Gallon Tank,
EF =0.65
LightingPower Density 0.75 WI/ft2 0.75 WI/ft2 Dwadling units—0.5 W/ft%, Corridor— 2.2 WIft2
(LPD) 0.6 WI/ft2; Nonresidential areas ©.7-

1.2 Wiit2
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2.2 Energy Simulations

TRC used CBECGmM software version 2016.3.0 SP1 to simulate all the building prototypes and obtain the hourly
consumption data without PV. CBEC@n software does not have the capability to model PV in buildings. Hence,
TRC simulated a residential builgiprototype in CBEGRes software version 2016.3.0 (934 SP1) to obtain hourly
PV generation output for each of the sixteen climate zone€. JiRulated three different PV system sizes

covering a wide range of output (e.g., 5 to 500 kW) to obtain a relstiprbetween PV system size and kWh
generation for each building type. The analysis results in a linear relationship used to scale ther@togefor

the desired PV sizes, an example shown in Figbedow.

Figure 2. Linear curve between annual PV generation (kWh) and installed PV size (kW) in
Climate Zone 1

In summary, TRC performeldet following simulations:

x CBECCom: All four prototypes under 16 climate zones, total 64 simulations

x CBECRes: One prototype, three PV system sizes and 16 climate zones, total 48 simulations
The final results overlay the scaled PV generation outputeéditburly consumption output from CBECGmM
simulations to determine the net hourly consumption for the two desired PV definitions and four building types.

In other words,
Net hourly kWkconsumption= Hourly kWitonsumedCBECC_Cortiourly kWh generate(CBECC_Res)

2.3 Cost Effectiveness

This sectiordiscusses how chill cost effectiveness is determined for the solar PV and solar ready measures.

2.3.1 Solar PV

TRC evaluated cost effectiveness of PV using the net present value (NPV) metric over 30 yearg, ag8%min
discount rate and a 2% energy escalatiate. The analysis included bendbtcost (B/C) ratio and discounted
payback metrics, defined as follows:

X Net present value (NPVRresent value of total benefits from utility bill savings minus present value of all
costs including maintenance and rapeément over 30 years. The criteria for cost effectiveness is NPV
greater than 0.
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x Benefitto-cost ratio(B/C): Ratio of present value of all benefits over present value of all costs over 30
years. The criteridor cost effectiveness is B/C greater thdnO.
x Discounted paybackNumber of years it takes to break even from undertaking the initial expenditure, by
discainting future cash flows and accounting for the time value of money
Solar PV othill energy benefits and installation costs are estimated as discussed below.

2.3.1.1EnergyCost Benefits
The onbill costeffectiveness methodology evaluates savings based on thmer’s utility bills using rate
structures of California’s three major Investor Owned UtilityJ)@cluding Net Energy Metering (NEM) 2.0,
shown in Figur@ below.?2 Because climate zones 10 and 14 overlap with both SCE and SDG&E territory, TRC
evaluated cost effectiveness under both utility rate structures in these climate zones.

Figure 3. 10U distribution by climate zone
[0]V] Climate zones

Pacific Gas & Electric (PG&E) 1-5, 1113, 16

Southern California Edison (SCE)| 6, 810, 14, 15

San Diego Gas & Electric (SDG& 7,10, 14

The specific electity rate schedules within IOU territory are applied to each of ther@fotypes based on the
climate zone, estimated monthly peak load and annual kWh consumgtigarg4). Utility territories and climate
zones boundaries do n@erfectly align; one utility territory contains multiple climate zones, and one climate
zone can contain multiple utility territories. A prototype simulated in different climate zones will have different
monthly peak loads, and may consequently fall uraeifferent utility rate structure. For example, SCE rate-TOU
GS2-A may apply to the medium office prototype in one climate zone, while-GS8'A may apply in another
climate zone.

Figure 4. Applicable rate schedules by buildin g type

Building type PG&E SCE SDG&E
Small office A1 TOU TOUGSI-A; TOUGS2-A -
Medium office A-10 TOUGS2-A; TOUGSS-A -
HRMF ETOU A TOUD-T -
Retail strip mall A-10 TOUGS2-A -

2More information on NEM available at: http://www.cpuc.ca.gov/General.aspx?id=3800

3 The distribuion of IOUs across sixteen climate zones is aligned with: Residential Retrofit High Impact Measure
(HIM) Evaluation Report, Prepared for California Public Utilities Comm(i8§talCEnergy Division, February 8,
2010

4 The applicable rate schedules for SEGare still being reviewed and are subject to change.

Pages 20181222



For highrise multifamily building utility bill calculations, tveimplifying assumptions were necessary:

1. TRC approximated that each dwelling unit had the same energy consumption profile, because energy
simulation software aggregates residential energy usage for all individual dwelling®units.
2. TRC pedrmed energy caldations at an hourly level, even though utilities may determine bill amounts
based on suthourly billing intervals for simplification.
TRC does not expect these assumptions to significantly affect the overall results.

2.3.1.2PV Installation Cost
TRC sourced theV cost information from nationwide studies done by NREL andflB¥Lshown in Figurg
below, the cost includes the system cost, installation and inverter.costs accounting for inflation rate and federal
tax credits for nonreglential buildings. TRC applied savings from the federal income tax credit (ITC), although
because it is scheduled be phased out between 2020 and 2022, an average ITC of 16% is used for residential
systems and 19% for commercial systems. TRC assunegtemmeplacements at years 11 and 21. The cost for a
PV retrofit is an additional $0.25/W, resulting in a total FIW only for the retail strip mall prototype existing
construction scenario. The federal incentive is applied to the combined system taofit i st.

Figure 5. Nonresidential New construction PV costs summary

First Cost 1.72

System Cos| 2.13

Federalncome Tax Credi 19.2%

Inverter Replacemenat year.11 0.15
InverterReplacemenat year 21 0.12
AnnualMaintenance 0.02

2.3.2 Solar Ready

Because thésolar readymeasure is.an enabling measure, rather than a requirement to install a solar system,
there are no associated direct energy savings. Sekay measures include:

X Roof area be reserved for sokequipment

°> Aggregated energy data impacts how utility bills are calculated. As an example in PG&E territory, the baseline
allocation and minimum customer charge per unit is multiplied for 75 units of the buimghe aggregated

energy consumption of the building is compared to 75 times the baseline allocation for individual unit to ealculat
energy costsAggregation does not account for rebrld variations in energy usage across the dwelling units.

5F. Ran et al. (September 2016) U.S. Solar Photovoltaic System Cost Benchmark: Q1 2016. National Renewable
Energy Laboratory. Available at: https://www.nrel.gov/docs/fy160sti/66532.pdf

"Barbose G.and DarghouthN. (September 2017) Tracking the Sun 10. Lawrence Berkeley National Laboratory.
Available at: http://etapublications.lbl.gov/sites/defaulfiles/tracking_the sun_10_report.pdf
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x A pathway for piping and/or conduit be indicated plans
X Roof structural design loads be shown on plans
X Adequate electrical capacity be provided
X Spare electric breaker space be provided
Costs for reserving roof area, reserving a pathway fangiponduit, and structural design load calculations are
design costs, which are excluded in the CEC’s LCC methodology, though realizing these measures will require
additional attention from architects and designers. In summary, because a conventioraffeasiveness
analysis would compare zero energy savingsto zosts, no cost effectiveness analysis was performed.

3 Results

Results are provided in Figusehrough Figurel3in the following pages. To account for the multiple utilities
within climate zones 10 and 14dre is an additional row added in each of the figures below to show cost
effectiveness under both rate structures.-1Gand 141 are for SCE utility rate results, and2@nd 142 arefor

SDG&E utility rate results (which are still under review by SD&®&Fre thus not presented).

Cost effectiveness results are evaluated for bothpheposedPVsystemsize definitions:

x PVMeasureDefinition 1: Generation equating t80% of the totabnnual electric consumption
x PVMeasureDefinition 22 15WattsDC per guare foot of solar zone

Both PVmeasuredefinitions are coseffective for all four building types#edium office and higiise multifamily
buildingshave lessoof space available than the single story buildjngsulting in smaller P&ystem sizes per
Definition 2 Smaller PV systems result in lower costs as wétivesr bill savingghan Definition 1 for these
prototypes, as seen when comparing Fig8nes. Figure9 or FigurelOvs.Figurell.

The ‘kWh savingsgire similar across all climate zones for a particular prototype and PV defibiéioause they are
only attributable to the PV system geration. However, the ‘lifecycle bill savings’ are influenced by both kwh
savings and utility rate schedulekfé cycle bill savings™ are similar across climate zones when under the same
rate schedule, but diffewhenthere are differentrate schedulesind/or utility territories.

As an example, in Figureboth CZ3 (under PG&E territory) and CZ6 (under SCE territory) show similar kWh
savings but have significantly different bill savings of $117a448578,957, respectivelfilRC compared theG&E

rate to the SCE rate, and found that the SCE rates have lower volumetric charges but higher monthly fixed charges
—thus the volumetric savings resulting from PV have a smaller impact on the bill when compared to minimum

fixed charges

Even for the sam building type within the same 10U territory, differences may occur across different climate
zones because of climatic impacts on building energy consumption. Glilepésndent energy consumption,

primarily space heating and space coglimforms the orpeak and offpeak energy consumption along with the

peak kW demand. These variabilities dictate both utility rate schedule selection and corresponding energy costs.
For example, climate zones within SCE territory can follow under@&ILJTOUGS2 or TOUGS3 depending on

their monthly loads, and each of these rate schedules have different structures.

High rise multifamily follows a residential rate schedule as opposed to commercial rates applied to the other three
prototypes. Residentiand commercial rate schedules are structured differently, the major difference being the
peak load demand charges included in commercial rates only. PG&E’s residential rate plan also includes a credit
awarded for usage up their baseline allocationAs a result, life cye bill savings of highse multifamily building
cannot be easily compareafjainst the other prototypesf similar size or energy consumption

Page6 20181222



TRC has attempted to model utility rates as accurately as possible and in coordinatiohewitilities, buthas
not identified an exhaustive set of causalities for &nepnds across the buildings, utilities, and climate zones.

Key takeaways include:

X Solar PV is cost effective with both sizing methods, across all building types, utility territories, and climate
zones analyzed in this study. Benefit to cost ratios across all results range from 1.5 to 7.4. While TRC could
not analyze all possible permutations of building sizes and rates, this suggests that these sizing methods
are appropriate in te majority of postble cases.

x The Small Office has similar B/C Ratios using both PV Definitions for sizing PV systems.

X The Medium Office and HRMF prototypes have generally higher B/C Ratios with smaller PV systems (PV
Definition 2)as compared to PV Definition However,drger PV systems have higher NPV savings over 30
years.

X The Retail Strip Mall has higher B/C ratios with a largesyB¥ém (PV Definition Bs compared to PV
Definition 2
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Figure 6. Cost effectiveness results — Small office — PV definition 1

Aimate Rate kWh Life cycle bill Net savings Discounted
zone Utility schedule PV size savings Life cycle Costs savings (NPV) B/C ratio payback (yr9
1 PG&E Al 29.3 39,217 $70,289 $230,936 $160,647 3.3 7
2 PG&E Al 284 44,422 $68,087 $262,268 $194,181 3.9 6
3 PG&E Al 26.6 42,035 $63,875 $247,967 $184,092 3.9 6
4 PG&E Al 28.0 45,152 $67,254 $266,207 $198,954 4.0 6
5 PG&E Al 25.0 42,133 $60,080 $247,451 $187,372 4.1 6
6 SCE TOUGS1 28.9 45,664 $69,371 $180,640 $111,269 2.6 10
7 SDG&E - - - - - - - -
8 SCE TOUGS2 30.1 47,559 $72,098 $220,008 $147,910 31 8
9 SCE TOUGS2 29.6 48,277 $70,892 $223,082 $152,190 3.1 8
101 SCE TOUGS2 30.8 50,202 $73,866 $226,056 $152,190 3.1 8
102 SDG&E - - - - - - - -
11 P&E Al 315 50,149 $75,540 $295,240 $219,699 3.9 6
12 PG&E Al 30.0 47,102 $71,989 $277,602 $205,613 3.9 6
13 PG&E Al 325 50,256 $77,997 $295,612 $217,615 3.8 6
141 SCE TOUGS2 28.5 51,180 $68,326 $224,963 $156,637 3.3 7
14-2 SDG&E - - - - - - - -
15 SCE TOUGS2 35.6 59,568 $85,408 $243,624 $158,216 2.9 9
16 PG&E Al 27.7 47,016 $66,388 $276,326 $209,938 4.2 6
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Figure 7. Cost effectiveness results — Small office — PV definition 2

Paged

dimate Rate kWh Life cycle bill Net savings Discounted

zone Utility schedule savings Life cycle Costs savings (NPV) B/C ratio payback (yr9

1 PG&E Al 12.4 16,567 $29,693 $99,717 $70,024 34 7

2 PG&E Al 12.4 19,372 $29,693 $116,592 $86,899 3.9 6

3 PG&E Al 12.4 19,540 $29,693 $117,45 $87,752 4.0 6

4 PG&E Al 12.4 19,935 $29,693 $119,760 $90,067 4.0 6

5 PG&E Al 12.4 20,823 $29,693 $124,345 $94,652 4.2 6

6 SCE TOUGS1 12.4 19,546 $29,693 $78,957 $49,265 2.7 9

7 SDG&E - - - - - - - -

8 SCE TOUGS2 12.4 19,587 $29,693 $59,942 $30,249 2.0 15

9 SCE TOUGS2 12.4 20,221 $29,693 $60,906 $31,213 21 15
101 SCE TOUGS2 12.4 20,180 $29,693 $60,206 $30,513 2.0 15
102 SDG&E - - - - - - - -

11 PG&E Al 12.4 19,712 $29,693 $118,521 $88,828 4.0 6

12 PG&E Al 12.4 19,428 $29,693 $116843 $87,150 3.9 6

13 PG&E Al 12.4 19,132 $29,693 $115,046 $85,353 3.9 6
141 SCE TOUGS2 12.4 22,241 $29,693 $63,850 $34,157 2.2 14
14-2 SDG&E - - - - - - - -

15 SCE TOUGS2 12.4 20,710 $29,693 $57,101 $27,408 1.9 17

16 PG&E Al 12.4 21,029 $29,693 $126,070 $96,377 4.2 6
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Figure 8. Cost effectiveness results — Medium office - PV definition 1

Aimate Rate kWh Life cycle bill Net savings Discounted

zone Utility schedule PVsize savings Life cycle Costs savings (NPV) B/C ratio payback (yr9

1 PG&E A-10 226.4 303,042 $543,148 $1,368,713 $825,566 25 10

2 PG&E A-10 222.4 348,075 $533,510 $1,615,140 $1,081,630 3.0 8

3 PG&E A-10 206.3 325,611 $494,786 $1,504,648 $1,009,862 3.0 8

4 PG&E A-10 220.5 355,050 $528,839 $1,623,929 $1,095,090 3.1 8

5 PG&E A-10 194.8 327,649 $467,219 $1,493,119 $1,025,900 3.2 8

6 SCE TOUGS2 230.2 363,468 $552,169 $1,110,412 $558,243 2.0 16

7 SDG&E - - - - - - - -

8 SCE TOUGS2 237.4 375,540 $569,306 $1,159,835 $590,529 2.0 15

9 SCE TOUGS3 2334 381,176 $559,732 $1,320,521 $760,789 2.4 13
101 SCE TOUGS3 237.9 387,771 $570,554 $1,314,698 $744,144 2.3 13
102 SDG&E - - - - - - - -

11 PG&E A-10 244.2 388,810 $585,670 $1,760,419 $1,174,749 3.0 8

12 PG&E A-10 235.8 370,084 $565,629 $1,683,325 $1,117,696 3.0 8

13 PG&E A-10 254.7 393,559 $610,802 $1,772,341 $1,161,539 2.9 8
141 SCE TOUGS3 217.4 390,525 $521,362 $1,297,029 $775,667 25 10
14-2 SDG&E - - - - - - - -

15 SCE TOUGS3 280.1 468,546 $671,793 $1,495,913 $824,121 2.2 14

16 PG&E A-10 199.8 339,442 $479,299 $1,516,862 $1,037,563 3.2 8
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Figure 9. Cost effectiveness results — Medium office - PV definition 2

Aimate Rate kWh Life cycle bill Net savings Discounted
zone Utility schedule PV size savings Life cycle Costs savings (NPV) B/C ratio payback (yr9
1 PG&E A-10 40.2 53,825 $96,472 $353,359 $256,887 3.7 6
2 PG&E A-10 40.2 62,941 $96,472 $408,113 $311,641 4.2 6
3 PG&E A-10 40.2 63,487 $96,472 $397,970 $301,498 4.1 6
4 PG&E A-10 40.2 64,769 $96,472 $410,637 $314,165 4.3 6
5 PG&E A-10 40.2 67,654 $96,472 $430,527 $334,055 4.5 5
6 SCE TOUGS2 40.2 63,503 $96,472 $346,995 $250,523 3.6 7
7 SDG&E - - - - - - - -
8 SCE TOUGS2 40.2 63,637 $96,472 $355,618 $259,146 3.7 6
9 SCE TOUGS3 40.2 65,697 $96,472 $391,040 $294,568 4.1 6
101 SCE TOUGS3 40.2 65,566 $96,472 $393,515 $297,043 4.1 6
102 SDG&E - - - - - - - -
11 PG&E A-10 40.2 64,045 $96,472 $417,553 $321,081 4.3 5
12 PG&E A-10 40.2 63,121 $96,472 $406,773 $310,300 4.2 6
13 PG&E A-10 40.2 62,160 $96,472 $408,211 $311,738 4.2 6
141 SCE TOUGS3 40.2 72,262 $96,472 $411,201 $314,729 4.3 5
14-2 SDG&E - - - - - - - -
15 SCE TOUGS3 40.2 67,285 $96,472 $426,125 $329,653 4.4 5
16 PG&E A-10 40.2 68,322 $96,472 $412,717 $316,245 4.3 5
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Figure 10. Cost effectiveness results — High -rise multifamily - PV definition 1

Aimate Rate kWh Life cycle bill Net savings Discounted
zone Utility schedule PV size savings Life cycle Costs savings (NPV) B/C ratio payback (yr9
1 PG&E ETOU 238.4 322,852 $571,845 $2,025,220 $1,453,375 35 7
2 PG&E ETOU 225.6 371,193 $541,137 $2,187,767 $1,646,630 4.0 6
3 PG&E ETOU 210.5 344,653 $504,938 $2,040,935 $1,535,997 4.0 6
4 PG&E ETOU 2219 376,983 $532,167 $2,226,673 $1,694,506 4.2 6
5 PG&E ETOU 197.6 348,463 $473,866 $2,011,233 $1,537,367 4.2 6
6 SCE TOUDT 226.5 300,595 $543,263 $2,060,969 $1,517,706 3.8 6
7 SDG&E - - - - - - - -
8 SCE TOUDT 233.3 312,666 $559,574 $2,143,444 $1,583,870 3.8 6
9 SCE TOUD-T 2314 323,601 $555,088 $2,199,218 $1,644,131 4.0 6
101 SCE TOUD-T 235.7 330,150 $565,263 $2,235,530 $1,670,267 4.0 6
102 SDG&E - - - - - - - -
11 PG&E ETOU 249.0 421,808 $597,311 $2,400,718 $1,803,407 4.0 6
12 PG&E ETOU 237.4 397,092 $569,400 $2,230,664 $1,661,54 3.9 6
13 PG&E ETOU 256.3 425,413 $614,846 $2,354,303 $1,739,457 3.8 6
14-1 SCE TOUD-T 220.5 339,752 $528,831 $2,305,881 $1,777,050 4.4 5
14-2 SDG&E - - - - - - - -
15 SCE TOUD-T 275.4 403,210 $660,453 $2,719,247 $2,058,794 4.1 6
16 PG&E ETOU 211.1 377,068 $506,410 $2,290,624 $1,784,213 4.5 5
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Figure 11. Cost effectiveness results — High -rise multifamily - PV definition 2

Qimate Rate kWh Life cycle bill Net savings Discounted
zone Utility schedule PV size savings Life cycle Costs savings (NPV) B/C ratio payback (yr9
1 PG&E ETOU 19.2 25,630 $45,937 $273,401 $227,464 6.0 4
2 PG&E ETOU 19.2 29,970 $45,937 $320,775 $274,838 7.0 3
3 PG&E ETOU 19.2 30,231 $45,937 $313,753 $267,816 6.8 3
4 PG&E ETOU 19.2 30,841 $45937 $329,443 $283,506 7.2 3
5 PG&E ETOU 19.2 32,215 $45,937 $328,745 $282,808 7.2 3
6 SCE TOUDT 19.2 30,238 $45,937 $286,837 $240,900 6.2 4
7 SDG&E - - - - - - - -
8 SCE TOUDT 19.2 30,302 $45,937 $290,631 $244,694 6.3 4
9 SCE TOUD-T 19.2 31,283 $45,937 $299,840 $253,903 6.5 4
101 SCE TOUD-T 19.2 31,221 $45,937 $300,028 $254,091 6.5 4
102 SDG&E - - - - - - - -
11 PG&E ETOU 19.2 30,496 $45,937 $340,273 $294,336 7.4 3
12 PG&E ETOU 19.2 30,056 $45,937 $328,635 $282,698 7.2 3
13 PG&E ETOU 19.2 29,599 $45,937 $319,894 $273,957 7.0 3
141 SCE TOUDT 19.2 34,409 $45,937 $322,608 $276,671 7.0 3
14-2 SDG&E - - - - - - - -
15 SCE TOUD-T 19.2 32,039 $45,937 $329,110 $283,173 7.2 3
15 PG&E ETOU 19.2 32,039 $45,937 $340,897 $294,960 7.4 3
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Figure 12. Cost effectiveness results — Existing Retail strip mall — PV definition 1

Aimate Rate kWh Life cycle bill Net savings Discounted

zone Utility schedule PV size savings Life cycle Costs savings (NPV) B/C ratio payback (yr9

1 PG&E A-10 84.0 112,424 $218,442 $510,358 $291,916 2.3 13

2 PG&E A-10 84.6 132,460 $220,099 $611,335 $391,237 2.8 9

3 PG&E A-10 77.0 121,554 $200,239 $561,986 $361,746 2.8 9

4 PG&E A-10 83.0 133,623 $215,763 $609,041 $393,279 2.8 9

5 PG&E A-10 719 120,997 $187,046 $551,377 $364,331 2.9 8

6 SCE TOUGS2 86.7 136,919 $225,491 $418,301 $192,811 1.9 17

7 SDG&E - - - - - - - -

8 SCE TOUGS2 90.0 142,367 $233,969 $439,701 $205,731 1.9 17

9 SCE TOUGS2 88.3 144,288 $229,691 $444,818 $215,127 1.9 16
101 SCE TOUGS2 92.6 150,878 $240,662 $461,482 $220,820 1.9 17
102 SDG&E - - - - - - - -

11 PG&E A-10 91.9 146,301 $238,904 $658,800 $419,896 2.8 9

12 PG&E A-10 88.8 139,284 $230,777 $626,075 $395,299 2.7 9

13 PG&E A-10 96.4 149,044 $250,763 $664580 $413,816 2.7 10
141 SCE TOUGS2 82.6 148,433 $214,824 $446,955 $232,131 21 15
14-2 SDG&E - - - - - - - -

15 SCE TOUGS2 107.0 178,916 $278,095 $528,901 $250,806 1.9 17

16 PG&E A-10 78.5 133,261 $203,988 $593,882 $389,894 29 9
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Figure 13. Cost effectiveness results — Existing Retail strip mall - PV definition 2

Qimate Rate kWh Life cycle bill Net savings Discounted

zone Utility schedule PV size savings Life cycle Costs savings (NPV) B/C ratio payback (yr9

1 PG&E A-10 21.1 28,229 $54,848 $141,450 $86,602 2.6 10

2 PG&E A-10 211 33,009 $54,848 $169,518 $114,670 3.1 8

3 PG&E A-10 211 33,295 $54,848 $171,209 $116,361 3.1 8

4 PG&E A-10 211 33,968 $54,848 $172,320 $117,472 3.1 8

5 PG&E A-10 21.1 35,481 $54,848 $183,129 $128,281 3.3 7

6 SCE TOUGS2 211 33,304 $54,848 $84,760 $29,912 1.5 26

7 SDG&E - - - - - - - -

8 SCE TOUGS2 211 33,374 $54,848 $86,054 $31,205 1.6 25

9 SCE TOUGS2 211 34,455 $54,848 $88,645 $33,796 1.6 24
101 SCE TOUGS2 211 34,386 $54,818 $87,635 $32,787 1.6 24
102 SDG&E - - - - - - - -

11 PG&E A-10 211 33,588 $54,848 $163,366 $108,518 3.0 8

12 PG&E A-10 21.1 33,103 $54,848 $161,184 $106,336 2.9 8

13 PG&E A-10 211 32,600 $54,848 $157,723 $102,875 2.9 9
141 SCE TOUGS2 21.1 37,88 $54,848 $94,785 $39,936 1.7 19
14-2 SDG&E - - - - - - - -

15 SCE TOUGS2 211 35,287 $54,848 $86,315 $31,467 1.6 25

16 PG&E A-10 211 35,831 $54,848 $173,246 $118,398 3.2 8
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2019 Nonresidential New Construction Reach Code Cost Effectiveness Study

1 Introduction

The California Building Energy Efficiency Standards Title 24, Part 6 (Title 24) (CESn204&)ined and
updated every three years by two state agenctbe California Energy Commissiahg Energy

Commision) and the Building Standards Commission (BSC). In addition to enforcing the code, local
jurisdictions have the authority to adopt local energy efficiency ordinar@ggeach codes-that exceed

the minimum standards defined by Title 24 (as establisheHublic Resources Code Section 25402.1(h)2
and Section 1406 of the Building Energy Efficiency Standards). Local jurisdictions must demonstrate that
the requirements of the proposed ordinance are ceffectiveand do not result in buildings consuming
more energy than is permitted by Title 24. In addition, the jurisdiction must obtain approval from the
Energy Commissiamnd file the ordinance with the BSC for the ordinance to be legally enforc8dbte.
report was developed in coordination with the Califia Statewide Investor Owned Utilities (IOUs) Codes
and Standards Program, key consultants, and engaged-eit@ectively known as the Reach Code Team.

This report documents cogtffective combinations of measures that exceed the minimum state
requirements for desigrin newlyconstructed nonresidential buildingBuildings specifically examined
include medium office, medium retail, and small hotels. Measimelside energy efficiency, solar
photovoltaics (PV), and battery storade.addition, the report includes a comparison between a baseline
mixedfuel design and aklectric design for each occupancy type.

The Reach Code team analyzed fhdlowing sevenpackage @& compared t02019 code compliannixed
fuel desigrbaseline

I PackagelA—Mixed-Fuel + Energy EfficienciE) Mixed-fuel design with energy efficiency
measures and federal minimum appliance efficiencies

I PackagelB—Mixed-Fuel + EE + PhBattery B): Same as Packagé,Iplus slar PV and
batteries.

i PackagelC— Mixed-fuel +High EfficiencyHB: Baseline codeninimum building with high
efficiency appliances, triggering federal preeiopt The intent of this package is to assess the
standalonecontribution that high efficiency appliances would make toward achieving high
performance thresholds.

I Package — All-ElectricFederalCodeMinimum ReferenceAll-electricdesign with federal code
minimumapplianceefficiency Nosolar PV or battery

i PackagesA— All-Electric + EE?ackage 2 atdectricdesign withenergy efficiencyneasuresand
federal minimumapplianceefficiencies

i PackagesB— All-Electric + EE + PVB Same as Package 3A, plus solar PV and batteries.

i Paclage3C- All-Electric + HEAll-electricdesignwith high efficiency appliances, triggering
federalpreemption.

Figurel summarizes the baseline and measure packages. Please r&ectior3 for more details on the
measure descriptions.
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Figure 1. Measure Gategory and Package Overview

Mixed Fuel All-Electric
Baseline 1A 1B 1C 2 3A 3B 3C
Measure Report FedCode FedCode
Category | Section |\ pimum | e | EE®V HE Minimum | EE | EETV] HE
- +B - +B
Efficiency Efficiency
Energy
Efficiency 3.1 X X X X
Measures
Solar P\
Battery 32 X X
All-Electric 33 X X X X
Measures
Preemptve
Appliance 3.4 X X
Measures

Theteam separatdy developed cost effectiveness results Rd¢only and PV+Batteyackagesexcluding
any efficiency measurebor these packages, the PV is modeled ‘amiaimal’ size of 3 kW and a larger
size based on the available roof area and electric load of the building. Bdrgzembined withtwo
sizes of battery storage for both mixed fuel and all electric buildings to form diif¢tent package
combinations as outlined below:

Mixed-Fuel + 3 kW P@nly
Mixed-Fuel + 3 kW P¥ 5 kWhBattery

Mixed-Fuel + PV @ly: PV sized per the roof size of the building, or to offset the annual electricity
consumption, whichever is smaller

Mixed-Fuel + PV + 50 k\WBattery: PV sized per the roof size of the building, or to offset the
annual electricity consumption, whichever maller,along with 50 kWh battery

All-Bectric +3 kW P\Only
All-Bectric +3 kWPV+ 5 kWhBattery

All-Hectric + PV @ly: PV sized per the roof size of the building, or to offset the annual electricity
consumption, whichever is smaller

All-Bectric + PV -60 kWhBattery: PV sized per the roof size of the building, or to offset the
annual electricity consumption, whicheversimaller,along with 50 kWh battery.

Each of theeight packages are evaluated against a baselineleldesigned as per 2019 Title 24 Part 6
requirements.The Standards baseline for all occupancies in this report is a fiugedesign.

The Department of Energy (DOE) sateimum efficiency standards for equipment and appliances that
are federally regulated under the National Appliance Energy Conservation Act (NAECA), including heating,
cooling, and water heating equipmehtSince &ite and local governments are prohibited from adopting

1 https:/iwww.ecfr.gov/cgi

bin/retrieveECFR?gp=&SID=8de751f141aaalc1c9833b36156faf67&mc=true&n=pt10.3.431&r=PART&ty=HTML#se10.3.431_ 197
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higher minimum efficiencies than the federal standards require, the focus of this study is to identify and
evaluate coseffective packages that do not include high efficiency equipmdatvever, becauseigh
efficiency appliances are often the easti and most affordable measures to increase energy performance
this study providesmanalysiof high efficiencyappliarcesfor informational purposesihilefederal
preemption would limita reach codgin practice, builders may install any package of compliant measures
to achieve the performance requiremeniscluding higher efficiency appliances that are federally
regulated.

2 Methodology and Assumptions

With input from severastakeholdersthe Reach Codes den selected three building typesmedium
office, medium retailand small hotel+te represent a predominant segmeat nonresidential new
construction in the state.

This analysis useboth onbill and time dependent valuation of energy¥\j based approacésto

evaluate coseffectivenessBoth methodologies require estimating and quantifying the energy savings
associated with energy efficiency measures, as well as quantifying the costs associated with the measures.
The main difference betweethe methodologies is the vaidtion of energy and thus the cost savings of
reduced or avoided energy useDV was developed by the Energy Commigsioaflect the time

dependent value of energy including leterm projected costs of energy such as theatoof providing

energy during peak periods of demand and other societal costs inclpdijected costs for carbon
emissionsWith the TDV approach, electriciiged (or saved) during peak periods has a much higher

value than electricity used (or saved)rihg offpeak periods:

The Reach Code Tegrarformed energy simulations using EnergyPro 8.0 software for 2019 Title 24 code
compliance analysis, which uses CBEG@ 2019.0 for the calculation engine. The baseline fmtype
models in all climate zonesihe been designed to have compliance margins as close as possible to 0 to
reflect a prescriptivelpuilt building?

2.1 Building Prototypes

TheDOBprovidesbuilding prototypemodels whichwhenmodified to comply with 2019 Title 24

requiremens, can be usetb evaluatethe cost effectiveness of efficiency meassir€hese prototypes

have historically been used by the California Energy Commission to assess potential code enhancements.
The Reach Code Tegrarformed analysis on a medium office, a medium retail, and a small hotel

prototype.

Water heating includes both service water heating (§WHoffice and retail buildings and domeskiot
water for hotels. In this reportwater heating or SWH is usedl tefer to both. The Standard Design HVAC
and SWHsystems are based on the system maps included ir2@® Nonresidential Alternate

2 Horii, B., E. Cutter, N. Kapur, J. Arent, and D. Conotyannis. 2014. “Time Dependent Valuation of Energy for Develaging Buildi
Energy Efficiency Standards.” Availablehétp://www.energy.ca.govi/title24/2016standards/prerulemaking/documents/2014-

07-09 workshop/2017_TDV_Documents

3 EnergySoft and TRC were able to develgstbaseline prototypes tachievea compliance margin of less thantpercent

except for few models that were at-# percent. This indicates these prototypes are not exactly prescriptive according to
compliance software calculations. To calculate incremental impaB€ conseatively compared the package results to that of

the proposed design of baseline prototyp@®t the standard design)
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Calculation Method Reference Mandalhe Standardesignisthe baseline for all nonresidential projects
and assumes a edfuel design usingatural gas as the spabteating sourcén all cases Baseline HVAC
and SWHsystem characteristics are described belawd in Figure:

i The baskne medium office HVAC design package includes two gas hot water boilers, three
packaged rooftop unitéone for each floor)andvariable air volume (VAV) terminal boxes with
hot water reheatcoils. TheSWHdesign includes one. B kW electricresistancenot water heater
with a 30gallon storage tank.

I The baseline medium retail HVAC design includes five single zone packaged rooftGatiaitte
flow and constant flondepending on the zonavith gas furnacefor heating. The&SWHdesign
includes one 875 kW electricresistancehot water heater with a 8-gallon storage tank

i The small hotel has two baseline equipmegstems, one for the nonresidential spaces and one
for the guest rooms.

i Thenonresidential HYAC design includes two gas hot waaéers, four packaged rooftop
units and twelve V¥terminal boxes with hot water reheat coils. The SWédign include
small electriaesistancewvater heater with 30gallonstorage tank.

I The residential HYAC design includes one single @omenditimer (AQ unit with gas
furnace for each guest room and the water heating design includes one central gas water
heater with a recirculation pump for all guest rooms.

Figure 2. Prototype Characteristics Summary

Medium Office Medium Retail Small Hotel
Conditioned Floor Area 53,628 24,691 42,552
Number of Stories 3 1 4
Number of Guest Rooms 0 0 78
Window-to-Wall Area Ratio 0.33 0.07 0.11
Norresidential Packaged DX VA
Packaged DX VAV with gas with hot water coil+ VAV
. furnaces + VAV terminal Single zone packaged terminal units with hot water
BaselineHVAC System units with hot water reheat. DX units with gas reheat. Central gas hot water
Central gas hot water furnaces boilers.
boilers ResidentialSingle zone DX AC
unit with gas furnaces
_ _ _ _ 30-gallon dectric Norresidential 30-gallon dectric
BaselineWater Heating 30-gallon dectricresistance ; resistancewater heater
System water heater resistance water ResidentialCentral gas water
heater - . .
heater withrecirculation loop

4 Nonresidential Alternative Calculation Method Reference Manual For the 2019 Building Energy Efficiency Standards. Available
at: https://www.energy.ca.gov/2019publications/CE0O0-2019006/CECH0-2019006-CMF.pdf
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2.2 Cost Effectiveness

The Reach Code Team analyttezicost effectiveness dhe packages by applying them to building
prototypes(as applicabledsing the lifecycle cost methodologywvhich isapproved and used by the
Energy Commission to establish cost effective building energy standards (Title 24,%Part 6).

PerEnergy Commissigmethodologythe Reach Code Teamssessed the incremental costs of the
energy efficiency measure packages and compared them to the enestgavings over the measure life
of 15 yearsincremental costs represent treguipment,installation, replacements, and maintenance
costs of the ppposed measure relative to the 2019 Title 24 Standards minimum requirements. The
energy savings benefits are estimatesing both TDV of energy atypical utility rates for each building

type:

i Time Dependent Valuation: TD¥ a normalizednonetaryformat developed and used by the
Energy Commissidior comparing electricity and natural gas saviraggdit considers the cost of
electricity and natural gas consumed during different times of the day and year. Simulation
outputs are translated to TDV savingsbéts using2019TDVmultipliersand 15year discounted
costs for the nonresidential measure packages

i Utility bill impacts (Onbill): Utility energy costs are estimated by applying appropriate IOU rates
to estimatedannualelectricity and natural gas ceamption Theenergy bill savings are
calculated as the difference in utility costs between Haseline and proposed package oaelrs-
year duration accounting for discount rate and energy cost escalation

In coordination with the IOUhate team and rate experts at a few electiqublicly owned utilities (POUS),
the Reach Code Team used the currentnesidential utility rategublicly available at the time of analysis
to analyze thecost effectivenesfor eachproposed package. The utility tariffs, summarized in FiGure
were determined based on the annual load profileeathprototype, and themost prevalent ratén each
territory. For sone prototypes there are multiple options for rates because of the varying load profiles of
mixedfuel buildings versus adllectric buildingsTariffswere integrated in EnergyPro software to be
applied to the hourly electricity and gas outputs. The Reaxtedeam did not attempt to compare or

test a variety of tariffs to determine their impact on cost effectiveness.

Thecurrently available andpplicable timeof—-use (TOU) nonresidential rates are applied to both the

base and proposed cases with PV systémgy annual electricity production in excess of annual

electricity consumption is credited at the applicable wholesale rate based on the approved NEM tariffs for
that utility. For a more detailed breakdown of the rates selected refer to Appé&ndidtility Rate
SchedulesNote that nost utility time-of-use rates will be updated in the near future, which can affect

cost effectiveness results. For examtacific Gas and Electric Compan@&Bwill introduce nev rates

for new service connections in late 2019, and existing accounts will be automatically rolled over to new
rates in November 2020.

5 Architectural Energy Corporation (January 2011)Cifele Cost Methodology. California Energy Commission. Available at:
http://www.energy.ca.gov/title24/2013standards/prerulemaking/documents/general_cec_documents/Zt1
14 L.CC Methodology 2013.pdf

6 Under NEM rulings by the CPUG1@01-144, 1/28/16), all new PV customers shall be in an approved TOU rate
structure. As of March 2016, all new PG&E net energy metering (NEM) customers are enrolled infusaeate.
(http://www.pge.com/en/myhome/saveenergymoney/plans/tou/index.page
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Figure 3. Utility Tariffs used based on Climate Zone

Climate Electric / Gas Utility Eledricity (Time-of-use) Natural
Zones Gas
IOUs
1-5,11-13,16 PG&E A-1/A-10 GNR1

5 PG&E / Sathern CalifornigdGasCompany A-1/A-10 G10(GN
10)
6,810,14,15 SCE Gouthern California Gas Company TOUGS1/TOUGS G10 (GN
2/TOUGS3 10)
7,10,14 San Diego Gamsd Electric Company A-1/A-10 GN3
(SDG&E
ElectricPOUs
4 City of Palo AltoGPAY E2 n/a
12 Sacramento Municipal Utility District GS n/a
(SMUD
6,7,8,16 Los Angeles Department of Water and A2 (B) n/a
Power LADWp

The Reach Code Tearhtainedmeasure costs through interviews with contractors and California
distributorsand reviewof online sourcessuch as Home Depot and RS Medases and contractor
markupswere added as appropriatdlaintenance costs were not included because there is no assumed
maintenance on the envelope measurésr HVAC an&WHmeasuredhe study assumethere are no
additional maintenance cost for a more efficient version of the same system type as the baseline.
Replacement costs for inverters were includedRdf systemsbut the useful life all other equipment
exceeds the study period

The Reach Code Teammpared the energy benefits with incremental measure cost data to determine
cost effectiveness for each measure package. The calculation is performed for a duration of 15 years for
all nonresidential prototypes with a@rcentdiscount rate and fuel estation rates based on the most
recent General Rate Case filings and historical escalationr&test effectiveness presented using net
present value and benefib-cost ratio metrics.

i Net Present Value (NPVJhe Reach Code Tearses net savingNPVbenefitsminusNPVcosts)
as the cost effectiveness metric. If the net saviofya measure or packagepssitive, it is
consideredcost effective. Negative savings represent net costaeAsure that has negative
energy cosbenefits(energy cost increse)can still be cost effective if the costs to implement the
measureare more negative (i.ematerial and maintenanceost savings).

I Benefitto-Cost Ratio (B/O: Ratio ofthe present value of all benefits to the present value of all
costs over 1years(NPVbenefitsdivided byNPVcosts) The criteria for cost effectiveness iB&C
greater than 1.0A value of one indicates the savings over the life of the measure are equivalent
to the incremental cost of that measure.

72019 TDV Methodology Report, California Energy Commission, Docket numBSTEB6
https://efiling.energy.ca.gov/GetDocument.aspx?tn=216062
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There are several special circuistes to consider when reviewing these results:

i Improving the efficiency of a project often requires an initial incremental investment. However,
some packages result in initial construction cost savings (negative incremental cost), and either
energy cossavings (positive benefits), or increased energy costs (negative benefits). Typically,
utility bill savings are categorized as a ‘benefhile incrementalconstruction costs are treated
as‘costs: In cases wherboth construction costs are negatiaad utility bill savings are negative,
the construction cost savings are treated as the ‘benefit’ while the utility bill negative savings are
the ‘cost.’

i In cases where measure package is cost effective immediatedy. there are upfront cost
savings and lifetimenergy cossavings)cost effectiveness is represented by “>1”

i The B/C ratiosometimes appear very high even though the cost numbers are not very high (for
example, an upfront cost of $1 but dnill savings of $200 over 30 years would equate B/C
ratio of 200).NPV is also displayed to clarify these potentially confusing conclusionbe-
example, the NPV would be equal to a mod&k99.

3 Measure Description and Cost

Using the 202 Title 24 code baseline as the starting goifheReach Code Teaitkentified potential
measurepackageso determine the projected energyl{erm and kwWh) and compliance impacts. The
Reach Code Teadeveloped an initiaineasure lisbased orexperience wittdesigners and contractors

along with general knowledge of the relative acceptance and preferences of many measures, as well as
their incremental costs.

The measures are categorized into energy efficiency, solar PV and battefgctit, and preempted
high efficiency measures in subsections below.

3.1 Energy Efficiency Measures

This section describes all the energy efficiency measures considered for this analysis to develop a non
preempted, coskffectiveefficiency measure packagéhe Reach Code Teassessed the cost

effectiveness ofmeasuredor all climate zones individually afound that the packages did not need to

vary by climate zonewith the exception o solar heat gain coefficient measure in hotels, as described in
more detail belowThe meaures were developed based on reviews of proposed 2022 Title 24 codes and
standards enhancement measures, as well as ASHRAE 90.1 and ASHRAE 189.1 Bitaadandgeto
Appendix SectioB.86.7 for a list of efficiency measures that were considered but not implemented
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Figure4 providesa summary of the cost of each measure and the applicability of each measure to the
prototype buildings.

3.1.1 Envelope
I Modify Solar Heat Gain CoefficienBHG{fenestration

i Office and Retad All ClimateZones reduce window SHGC from the prescriptive value of 0.25
to 0.22

I Hotel

i Climate zones 1, 2, 3, 5, and Iriicrease the SHGC for all nonresidergfaces from the
prescriptive value of 0.25 to 0.45both common and guest room spaces

I Climate zones 4, and-65: Reduce window SHGC from the prescriptive value of 0.25 to
0.22 only for common spaces

In all cases, the fenestratiansible transmittancend Ufactor remain afprescriptive values.

I Fenestration as aunction of orientation: Limit the amount ofenestrationareaas a function of
orientation. Eastfacing and wesfacing windows are each limited to omalf of the average
amount of northfacing and southacing windows.

3.1.2 HVACand SWH

i Drain waterheat recovery(DWHR) Add shower drain heat recoveiry hotel guest roomsDWHR
captures waste heat from a shower drain line and uses it to preheat hot water. Note that this
measurecannotcurrently be modeled on hotel/motel spaces, ametReach Code Team
integrated estimated savings outsidé modeling software based on $¥\savings in residential
scenariosPlease see Appendbectiors.3for details o energy savigs analysis

I VAVbox minimum flow: Reduce VAV box minimum airflows from the current T24 prescriptive
requirement of 20 percent of maximum (design) airflow to the T24 zone ventilation minimums.

I Economizers onmall capacitysystems Requireeconomizers and staged fan control in units with
}}o]lvP % 31BICIi HSWIZE v G i Awhidh matghes @Be requirement in ti918
International Green Construction CodadadoptsANSI/ASHRAE/ICC/USGBC/IES Standard 189.1
This measure reduceke T24 prescriptive threshold on air handling units that are required to
have economizers, which is > 54,000 Btu/hr.

I Solarthermal hot water: For allelectrichotel only, @d solar thermal water heating to supply the
following portiors of the water heatng load, measurtin solar savings fraction (SSF)

I 20 percent SSF in CZs3, and 59
I 25 percentin CzZ4
I 35 percent SSF in CZand10-16.
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3.1.3 Lighting
i Interior lighting reducedlighting power density LPD: Reducd.PDby 15percentfor Medium
Office 10 percentfor Medium Retail and by l@ercentfor the nonresidentialreas of the Small
Hotel.

I Institutional tuning: Limit the maximum output or maximum power draw of lighting topgscent
of full light output or full power draw.

i Dayight dimming plus off Turn daylightcontrolled lights completely off when the daylight
available in the daylit zone is greater than Y&bcentof the illuminance received from the
general lighting system at full powérhere is no associated cost withidimeasure, as the 201
T24 Standards already require multilevel lighting and daylight sensors in primary and secondary
daylit spaces. This measure is simply a revised control strategy and does not increase the number
of sensors required or labor to install and program a sensor.

I Occupantsensing in open plan officesn an open plan office area greater than 25) ¢ontrol
lighting based on occupant sensing contrdlao workstations per occupancy sensor.

Details on theapplicability andmpact of each masure by building type and by space functgam be
found in Appendice8.2. Theappendix also includes thresulting LPD that is modeled as the proposed by
building type and by space function.
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Figure 4. Energy Efficiency Measures - Specification and Cost

MeasureApplicability

- /v op ]v WI1A, 1B, 8A, 3C IncrementalCost |Sources & Notes
N E}S % %0] O
Measure Baseline T24 Requirement Small Hotel
Med Med Glest c
Office Retalil ues omm
rooms Spaces
Envelope
$1.60/ft 2 window
. . for SHGC
Modify SHGC FenestrationSHGC of 0.25 Costs from onenanufacturer.
decreases, $0/ft
for SHGC increas
. . No additional cost associated
. . |Limit on total window area and ) o
Fenestration as a Function . . with the measure which is a
west-facing window area as a : n n n $0

of Orientation design consideration not an

function of wall area. .
equipment cost.

HVAGand SHW

Assume 1 heat recovery unit
DrainWater Heat RecoveryNo heat recovery required n n : n $841/unit for every 3 guestrooms. Costs
from three manufacturers.

No additional cost associated
20 percent of maximum with the measure which is a
(design) airflow ' ' design consideration not an
equipment cost.

VAV Box Minimum Flow

Costs from one manufacturer’s
n : n n $2,857 /unit representative and one
mechanical contractor.

Economizers on Small Economizers required for units
Capacity Systems > 54,000 Btu/hr
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MeasureApplicability
- /v op ]v WI1A, 1B, 8A, 3C IncrementalCost |Sources & Notes
N E}S % %0] O
Measure Baseline T24 Requirement Small Hotel
Med Med
Office Retail Sl SR
rooms Spaces
Installed costs reported in the
California Solar Initiative
Thermal Program Database,
For central heat pump water . 2015present® Costsnclude
Solar Thermal Hot Water |heaters, there is no prescriptive  * n (electric n $33/therm-yr tankandwere only available
baseline requirement. only) for gas backup systems. Costs
arereduced by 19 percent pel
federal income tax credit
average through 2022.
Lighting
Per Area Category Method,
varies by Primary Function
S Area. Office area 0.600.70 Industry report on LED pricing
II-nFt)eDrlor Lighting Reduced WI/ft? depending on area of : : " : $0 analysis shows that costs are
space. Hotel function area 0.8b not correlated with efficacy.
WI/ft2. Retail Merchandise Sales
1.00 W/ft?

8 http://www.csithermalstats.org/download.html

° http://calmac.org/publications/LED Pricing_Analysis RepoRevised 1.19.2018 Final.pdf
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MeasureApplicability

- /v op ]v WI1A, 1B, 8A, 3C IncrementalCost |Sources & Notes
N E}S % %0] O
Measure Baseline T24 Requirement Small Hotel
Med Med

Guest Comm

Office Retail
rooms Spaces

Norequirement, butPower
Adjustment FactorRAR credit
Institutional Tuning of 0.10 availabléor luminaires : : n : $0.06/ft?
in nondaylit areas and 0.05 fo
luminaires in daylit ared8

Industry report on institutional
tuning*!

Given the amount of lighting
A A N $0 controls already required, this|
measure is no additional cost
2 workstations per sensor;

1 fixture per workstation;
$189/sensor; $74 |4 workstations per master
/powered relay; |relay;

No requirement, but PAF credijt

Daylight Dimming Plus Off 'y 1 0o ailable.

Occupant Sensing in OpenNo requirement, but PAF credit

Plan Offices of 0.30 available. ' $108/secondary |120 ft/workstation in open
relay office area, which is 53% of
total floor area of the medium
office

10 power Adjustment Factors allow designers to tradeoff increased lighting power densities for more efficient designs. In this statiteB Afeasures
assume that the more efficient design is incorporated without a tradeoff for increased lighting power density.

1 https://slipstreaminc.org/sites/default/files/2018 2/tasktuning-report-mndoc2015.pdf
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3.2 Solar Photovoltaics and Battery Measures

This section describes the PV and battery measures considered for this affddgdieach Code Team
estimatedthe required PV sizes for each building prototype for the efficiency measure packages and the
stand alone PV and battery options.

3.2.1 Solar Photovoltaics

2019 Title 24equiresnonresidential buildings to reserve at leastdércentof the roof area as a “solar
zong” but does not intude any requirements or compliance credits for the installation of photovoltaic
systemsThe Reach Code Teamalyzed a range of PV system simedetermine cost effectivenes$o
determine upper end of potentidV systensize the Reach Code Teamssuneda PV generation capacity
of either

I 15 WI/ft? covering50 percentof the roof area or
i Enough to nearly offset the annual energy consumption.

Themedium office and small hot@lrototypes had small roof areas compared to their annual electricity
demand thus the PV systemapacity at 5@ercentof the roof area was less than the estimated annual
usage The medium office and small hotel had a 135 kW and 80 kW array, respedivemedium retail
building has a substantially large roof area that would acoouiate a PV array that generates more than
the annual electricity load of the building. The PV array for the medium retail building was sizedkdly 110
to not exceed the annual electricity consumption of the building when accountirthéaninimum
annualenergy demand across climate zaneith efficiency packages

The modeling software for nonresidential buildings does not allow-aitting of PV based on a desired
percent offset of electricity use. Moreover, the PV size is also constrained by the availability of roof area.
Hence, a common size of PV is modeled for all the packages including all electric desigh.tRigugdh
Figure7 belowdemorstrate the percent of electricitpffset by PV for both mixed fuel and all electric
buildings over their respective federal minimum design package.

Figure 5. Medium Office — Annual Percent kWh Offset with 135 kW Array

L0000 Medium Office- Percent kWh Offset by PV

90%
80%
70%
60%

50%
40%
30%
20%
10%

0%

10 11 12 13 14 15 16

Climate Zone
m Mixed-Fuel m All-Electric
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Figure 6. Medium Retail — Annual Percent kWh Offset with 110 kW Array
Medium Retail Percent kWh Offset by PV

100%
90%

80%
70%
60%
50%
40%
30%
20%
10%

0%

10 11 12 13 14 15 16
Climate Zone

m Mixed fuel mAll electric

Figure 7. Small Hotel — Annual Percent kWh Offset with 80 kW Array

Small Hotel Percent kwh Offset by PV
100%

90%
80%
70%

60%

50%

40%

30%

20%

10% I
0%

10 11 12 13 14 15 16

Climate Zone
m Mixed Fuel mAll-Electric

The costs for PV include first cost to purchase and install the system, inverter replacemerdrbsts
annual maintenance costs. A summary of the medium office costs and sources is given i8.Figure
Upfront solar PV system costs are reduced by the federal income tax credit (ITC), approximately 19
percent due to a phased reduction in the credit through the year 2622.

12 The federal credit drops to 26% in 2020, and 22% in 2021 before dropping permanently to 10% for commercial projects and 0%
for residential projects in 2022More information on federal Investment Tax Credits available at:
https://www.seia.org/initiatives/solafinvestmenttax-credit-itc
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Figure 8. Medium Office Upfront PV Costs

Unit Cost Cost Useful Life (yrs.) Source
National Renewable Energy Laboratc
Solar PV System $2.30/ Wdc $310500 30 (NRELQ1 2016°
Inverter Replacement | $0.15/ Wdc $20,250 10
- E3 Rooftop Solar PV System Reffor
Maintenance Costs $0.02 / Wic $2,700 1

PV energy output is built into CBEC@mn and is based on NREL’s PVWatts calculator, which includes long
term performancedegradation estimate$>

3.2.2 Battery Sorage

This measure includes installation of batteries to allow energy generated through PV to dx ahal
usedlater, providing additional energy cost benefits. This report does not focus on optimizing battery
sizesor controls for each prototype and climate zone, though Reach Code Tearan test simulations

to assess the impact of battery sizes @WTsavings and found diminishing returns as the battery size
increased

The team sebattery controlto the Time of Us&ontrol(TOU)method, which assumes batteries are
charged anytime PV generation is greater than the builthag but discharges to the electric grid
beginning during the highest priced hours of the e “Frst Hour of the Summer PegkBecause
there is no default hour available CBEGCom, he teamapplied the default hour available ®BECRes
to start discharginghour 19 in CZs, 4, and8-15, and hour 20 in other CZ3)his control optioris most
reflective of the current products on the marké&thile this control strategis being used in the analysis,
there would be no mandate on the control strategy used in practice.

The current simulation software has approximations of how performance characteristics change with
environmental conditions, charge/discharge rates, andrddgtion with age and use. More information is
on the software battery control capabilities and associated qualificatoirements are available in the
Residential Alternative Calculation Method Reference Manual and the 2019 Refépeperdicedor the
2019 Title 24 Standard&*’

The Reach Code Tearsed costs of 368kWh based on a 2018 IOU Codes and Standards Program,report
assuming a replacement is necessaryear 15'% Batteries are alseligible forthe ITC if they are installed
at the samdime as the renewable generation source and at leagp&Eentof the energy used to charge

13 Available at; https://www.nrel.gov/docs/fy160sti/66532.pdf

14 Available at;_https://efiling.energy.ca.gov/getdocument.aspx?tn=221366

15 More information available atttps:/pvwatts.nrel.gov/downloads/pvwattsvs.pdf

16 Batterycontrols are discussed ire&ions2.1.5.4 and Appendix D of thegtdential Alternative Calculation Method Reference
Manual, available here: httpgww?2.energy.ca.gov/2019publications/CE092019005/CECH00-2019005-CMF.pdf

o Qualification Requirements for Battery Storage Systems are available in JA12 of the 2019 Reference Appendices
https://ww2.energy.ca.gov/2018publications/CHE00-2018021/CECGH00-2018021-CMF.pdf

18 Available at; http://localenergycodes.com/download/430/file_path/fieldList/PV%20Plus%20Battery%20Storage%20Report
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the battery comes from a renewable sourdéus, the Reach Code Team also applied a 19 percent cost
reduction to battery costs.

3.2.3 PV-only and PV+Battery Packages

The Reach Code Team analyzed solar PV and battery storage only, without other efficiency measures in
both mixedfuel and allelectric building designs. Two different sizes of solaafd/battery storagavere
analyed

i SmallPVdze 3 kW assumed to be the minimal PV system considered for installation in a
nonresidentiabuilding.

I LargePV3ze PV capacity equal to 15 WAfaver50 percentof the roof areaor sized to nearly
offset annual electricity consumption, as described in Section 3.2.1

i Small B#tery Sze:5 kWh, assumed to be the minimal battery system considered for installation
in a nonresidential building, and representative of smaller products currently available on the
market.

I LargeBattery 9ze: 50 kWh assumed to be a substantially large size for a nonresidential setting.
Generally, the reach code team found diminishingoilhand TDV benefits as the battery size
increased

As described in Sectionahd Sectior®.4, each PV size was run as a standalone measure. When packaged
with a battery measure, the small PV size was paired with the &addiry size, and the largeV size was
paired with the large battery size.

3.3 All Electric Measures

The Reach Code Teanvestigated the cost and performance impacts and associated infrastructure costs
associated with changing the baseline HVAC and watgirtgesystems to akblectricequipment This

includes heat pump space heating, electric resistance reheat coils, electric water heater with storage tank
heat pump water heating, increasing electrical capacity, and eliminating natural gas connections that
would have been present in mixddel new constructionThe Reach Code Teamlectedelectric systems

that would be installed instead of géiseledsystemsn each prototype

3.3.1 HVAC and Water Heating

The nonresidential standards use a mistadl baseline fothe Standard Design systems. In most
nonresidential occupancies, the baseline is natural gas space heating. Hotel/motels andehigh

residential occupancies also assume natural gas baseline water heating systems for the guest rooms and
dwelling units In the altelectric scenario, gas equipment serving these-ases is replaced with electric
equipment asdescribedn Figure9.
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Figure 9. All-Electric HVAC and Water Heating Characteristics Summary.

Medium Office Medium Retail Small Hotel
NonResPackaged DX + VAV wit
Packaged DX + VAV Single zone HW reheat. Central gdsoilers.
Baseline with HW reheat. packaged DX with
HVAC Centralgasboilers. | gasfurnaces Res:Single zone DX AC unit with
System gasfurnaces

NonResPackaged DX + VAV wit

Packaged DX + VAV Single zone electricresistancereheat

Proposed All

: with electric packagecheat
Electric resistancereheat umps
' pump Res Single zonbeat pumps
NonResElectricresistance
. . . : storage
. Electricresistance Electricresistance 9
Wat Baseline with storage with storage
Y a ?r 9 g Res Centralgasstorage with
eating recirculation
System NonResElectricesistance
Proposed All Electricresistance Electricresistance | —
: . . storage
Electric with storage with storage

Res Individualheat pumps

The Reach Code Teamceived cost data for baseline mixéeel equipment as well as electric equipment
from an experienced mechanical contractor in the San Francisco Bay Area. The total construction cost
includes equipment and material, labor, subcontractors (for exampl&Gi&hdsHWcontrol systems),

and contractor overhead.

3.3.1.1 Medium Office

The baseline HVAC systamludes two gas hot water boilers, three packaged rooftop units, and VAV hot
water reheat boxes. The SH¥gsign includes one 8.1&V electricresistancehot water heater with a 30
gallon storage tank.

For the medium office akectric HVAC desigrheé Reach Code Tednvestigatal several potential all-
electric design options, including variable refrigerant flow, packaged heat pumps, and variable volume
and temperature systems. After seeking feedback from the design commthetigeach Code Team
determined that the most feasible adlectricHVAC system, given the software modeling constraints is a
VAVsystem with an electric resistanceheatinstead of hot water reheat coiparallel fanpowered box
(PFPB) implementation of electric resistance reheat would further improve efficiency due to reducing
ventilation requirements, but an accurate implementation of PFPBs is not currently available
compliance software.

Note that the actual natural gas consumption for the VAV hot water reheat baseline may be higher than
the current simulation results due to a combination of boiler and hot water distribution losses. A recent
research study shows &l the total losses can account for as high ap&@entof the boiler energy usé’

19Raftery, P., A. Geronazzo, H. Cheng, and G. Paliaga. 2018. Quantifying energy losses in hot water reheat systems. Energy and
Buildings, 179: 18399. Novemberhttps://doi.org/10.1016/j.enbuild2018.09.020 Retrieved from
https://escholarship.org/uc/item/3gs8f8gx
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If these losses are considered savings for the electric resistance reheat (which has zero associated

distribution loss) may be higher.

Theall-electricSHWsystem remains the same electric resistance water heater as the baseline and has no

associated in@mental costs.

Cost data for medium office designs are presentelligurel0. The allelectric HYAC system presents

cost savings compared to the hot water reheat systesm elimination of thehot water boiler and
associated hot water piping distributio@Z10 and CZ15 alkectric design costs agdightlyhigher
because theyequirelarger size rooftop heat pumps than the other climate zones.

Figure 10. Medium Office HVAC System Costs

. Mixed Fuel . Incremental cost
Climate Zone Baseline All Electric System for All-Electric
Cz01 $1,202,538 $1,106,432 $(96,106)
Cz02 $1,261,531 $1,178,983 $(82,548)
Cz03 $1,205,172 $1,113,989 $(91,183)
Cz04 $1,283,300 $1,205,434 $(77,865)
Cz05 $1,207,345 $1,113,989 $(93,356)
Cz06 $1,216,377 $1,131,371 $(85,006)
Cczo7 $1,227,932 $1,148,754 $(79,178)
Cz08 $1,250,564 $1,172,937 $(77,626)
Cz09 $1,268,320 $1,196,365 $(71,955)
Cz10 $1,313,580 $1,256,825 $(56,755)
Cz11 $1,294,145 $1,221,305 $(72,840)
Cz12 $1,274,317 $1,197,121 $(77,196)
Cz13 $1,292,884 $1,221,305 $(71,579)
Cz14 $1,286,245 $1,212,236 $(74,009)
Cz15 $1,357,023 $1,311,994 $(45,029)
CzZ16 $1,295,766 $1,222,817 $(72,949)

3.3.1.2 Medium Retail

The baseline HVAC systeamludesfive packagedsingle zone rooftofACswith gas furnaces. Based on fan
JVEE}o E <H]E u vEe Jv ¢ 3]}v idiXd~ueU pv]de A]3Z vadade&r %o

volumefans while smaller unithave constantolume fars. TheSHWdesign includes one 8.1&V

electric resistance hot water heater with3@-gallon storage tank.

15C H

For the medium retail aktlectric HYAC desigrhé Reach Code Teasmsumed packaged heat pumps
instead of the packaged AQse allelectricSHWsystem remains the same electric resistance water
heater as the baseline and has no associated incremental costs.

Cost data for medium retail designs are presented in Figjir€osts for rooftop aiconditioning systems
are very similar to rooftop heat pump systems.
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Figure 11. Medium Retail HYAC System Costs
Climate Zone Mé);esilii:nueel All Electric System l?g:eg?glfétfgg
Czo1 $328,312 $333,291 $4,978

Cz02 $373,139 $373,702 $563

Cz03 $322,849 $326,764 $3,915
Cz04 $329,900 $335,031 $5,131
CZz05 $359,888 $362,408 $2,520
CZz06 $335,728 $341,992 $6,265
Czo7 $345,544 $349,808 $4,265
Cz08 $368,687 $369,792 $1,104
Cz09 $415,155 $411,069 $(4,087)
Cz10 $345,993 $346,748 $755

cz1i1 $418,721 $414,546 $(4,175)
Ccz12 $405,110 $400,632 $(4,477)
Cz13 $376,003 $375,872 $(131)

Cz14 $405,381 $406,752 $1,371
Cz15 $429,123 $427,606 $(1,517)
CZ16 $401,892 $404,147 $2,256

3.3.1.3 Small Hotel

The small hotel has two differebiseline equipmensystems one for the nonresidential spaces and one

for the guest rooms. The nonresidential HVAC systehudestwo gas hot water boilers, four packaged

rooftop units and twelve VAV terminal boxes with hot water reheat coil. The &$Wyn includea small

electric water heater with storage tank. The residential HVAC design includes one single zone AC unit with
gas furnace for each guest room and thater heating design includes one central gas storage water

heater with a recirculation pump for all guest rooms.

For the small hotel alblectric design,He Reach Code Teamssumed thenonresidentiaHVAC system to
be packaged heat pumps with electric resistance VAV terminal units, and the\&ithm to remain a
small electric resistance water heater.

Forthe guestroom altelectric HYAC systerthe analysis used a single zone (packaged terminal) heat
pumpanda centralheat pump water heater servirgl guest roons. Central heat pump water heating
with recirculation serving guest rooms cannot yet be modeled in CBIB@), and energy impacts were
modeled by simulating individual heat pump water heaters in each guest room. The reach code team
believes this is a conservative assumption, since individual heat pump water heaters will have much
higher tank standby lossethe Reach Code Teaattained costs for central heat pump water heating
installation including storage tanks and contraixl used these costs in the study

Cost data for small hotel designs are presented in Figjaréhe allelectric design presents substantial
cost savings because there is no hot water ptampiping distribution systerserving the nonresidential
spaces, as well as the lower cost of packaged terminaltpeimps serving the residential spaces
compared to split DX/furnace systems with individual flues.
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. Mixed Fuel : Incremental cost
Climate Zone Baseline All Electric System for All-Electric
Cz01 $2,337,531 $1,057,178 $(1,280,353)
Cz02 $2,328,121 $1,046,795 $(1,281,326)
CZz03 $2,294,053 $1,010,455 $(1,283,598)
Cz04 $2,302,108 $1,018,675 $(1,283,433)
CZ05 $2,298,700 $1,015,214 $(1,283,486)
CZ06 $2,295,380 $1,011,753 $(1,283,627)
Cz07 $2,308,004 $1,026,029 $(1,281,975)
CZz08 $2,333,662 $1,053,717 $(1,279,946)
Cz09 $2,312,099 $1,030,355 $(1,281,744)
Cz10 $2,354,093 $1,075,348 $(1,278,745)
Cz11 $2,347,980 $1,068,426 $(1,279,554)
Cz12 $2,328,654 $1,047,660 $(1,280,994)
CZ13 $2,348,225 $1,068,858 $(1,279,367)
Cz14 $2,345,988 $1,066,263 $(1,279,725)
Cz15 $2,357,086 $1,079,241 $(1,277,845)
CZ16 $2,304,094 $1,019,973 $(1,284,121)

3.3.2 Infrastructure Impacts

Electricheatingappliances and equipment ofteequire a larger electrical connection than an equivalent
natural gas appliance because of thigher voltage and amperage necessargliectrically generate heat
Thus, nany buildings may require larger electrical capacity than a comparable building with natural gas
appliancesThis includes

i Bectric resistance VASpace heating in the medium office and common area spaces of the small
hotel.

I Heat pump water heating for the guest room spaces of the small hotel

3.3.2.1 ElectricalPanel Sizing and Wiring

Thissectbn detailsthe additionalelectricalpanel sizing and wiringequiredfor all-electricmeasuresin an
all-electric new construction scenario, heat pumps replace packaged DX units which are paired with either
a gas furnace or a hot water coil (supplied by a gas boiler). The electrical requirements of the replacement
heat pump would be the same as the packaged DX unit it replaces, as the electrical requirements would
be driven by the cooling capacity, which would remain the same between the two units.

VAV teminal units with hot water reheat coils that are replaced with electric resistance reheat coils
require additional electrical infrastructure. In the case of electric resistance thdReach Code Team
assumed that on average, a VAV terminal unit seareand 900 ft of conditioned space and has a
heating capacity of 5 kW (15 kBtu/fftd). The incremental electrical infrastructure costs were determined
based on RS Means. Calculations for the medium dffiogvnin Figurel3includethe cost to add

electrical panels as well as the cost to add electrical lines to ¥adhterminal unit electric resistance coil
in the medium office prototype. Additionallthe Reach Code Teasubtracted the electrical

infrastructure costs associated with hot water pumpguired in the mixed fuel baseline, which are not
required in the alkelectric measures
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The Reach Code Teamalculated costs to increase electrical capacity for heat pump water heaters in the
small hotel similarly.

Figure 13. Medium Office Electrical Infrastructure Costs for All -Electric Design

A - No. VAV Boxes 60
B - VAV box heating capacity (watts) 4,748
C - No. hot water pumps 2
D - Hot water pump power (watts) 398
E - Voltage 208
F (AxB- CxD)/E | Panelampacity required 1,366
G F/400 Number of 408amp panels required 4
H - Cost per 40éamp panel $3,100
I GxH Total panel cost $12,400
J - Totalelectricalline length required (ft) 4,320
K - Cost per linear foot oflectricalline $3.62
L IxK Totalelectricalline cost $15,402

|+ L Total electrical infrastructure incremental cost $27,802

3.3.2.2 Natural Gas

This analysis assumes thatan allelectric new construction scenario natural gas would not be supplied
to the site. Eliminating natural gas in new construction would save costs associatembitbctinga
service line from the street main to the building, piping distribution witthe buildingand monthly
connection charges by the utility.

The Reach Code Teaatermined that for a new construction building with natural gas piping, there is a
service linelfranch connectiopfrom the natural gas main to the buildimgeter. In the medium office
prototype, natural gas piping is routed to the boiler. The Reach Code dgsumed that the boiler is on
the first floor, and that 30 feet of piping is required from the connection to the rtmthe boiler.The

Reach Code Teaassumel 1" corrugated stainless steel tubing (CSST) materiased for the plumbing
distribution. The Reach Code Teantluded costs for a natural gas plan revieetvice extensioranda

gas meter, as showin Figurel4 below. Thenatural gas plan reviewost is based on information received
from the Cityof Palo AltoUtilities. The meter costs are from PG&E and include both material and labor.
The service extension costs are based on guidance from PG&E, who noted that the cost range is highly
varied and that there is no “typical” cqawith costs beindpighly dependat on length of extension,

terrain, whether the building is in a developed or undeveloped area, and nunilirrildings to be

served While an actual service extension cost is highly uncertainteiim believes theosts assumed in
this analysis arwvithin a reasonable rangeased ora sample range of costs provided by PGRliese

costs assume development in a previously developed area.

21 201907-25



2019 Nonresidential New Construction Reach Code Cost Effectiveness Study

Figure 14. Natural Gas Infrastructure Cost Savings for All -Electric Prototypes

Cost Type Medium Office| Medium Retail| Small Hotel
Natural Gas Plan Review $2,316 $2,316 $2,316
ServiceExtension $13,000 $13,000 $13,000
Meter $3,000 $3,000 $3,000
Plumbing Distribution $633 $9,711 $37,704
Total Cost $18,949 $28,027 $56,020

3.4 Preempted High Efficiency Appliances

The Reach Code Teataveloped a package of high efficierfelE)space and water heating appliances
based on commonly available products for both the mikeel and allelectric scenariosThis package
assesses the standalone contribution that high efficiency measures wakd taward achieving high
performance thresholds. The Reach Code Teanewed the Air Conditioning, Heating, and Refrigeration
Institute (AHRIxertified product database to estimate appropriate efficiencies.

The Reach Code Teatatermined the efficiencyncreases to be appropriateased on equipment type
summarized in Figurg5, with cost premiums attained from a Bay Area mechanical contraiterranges
in efficiercy are indicative of varying federal standard requirements based on equipment size

Figure 15. High Efficiency Appliance Assumptions

- - - Cost Premiunfor
Federal Minimum Efficiency PreemptedEficiency HE Appliance
i 0
Gas spacb_eatlngand 80-82% 90-95% 10-15%
water heating
Large ackagedooftop 9.812 EER 10.513 EER 10-15%
cooling 11.412.9 IEER 15155 IEER
Singlezone heat pump 7.7THSPF 10HSPF 6-15%
space heating 3.2 COP 3.5 COP
. None (market doeg
Heat pump water heating 2.0UEF 3.3UEF not carry 2.0 UEF

3.5 Greenhouse Gas Emissions

The analysis uses the greenhouse gas (GHG) emissions estimates from Zero Code reports available in
CBECCom? Zero Code uses 8760 hourly multipliers accounting for time dependent energy use and
carbon emissions based on source emissions, including renewable portfolio standard projections. Fugitive

20 Available athttps://www.ahridirectory.org/Sarch/SearchHome?ReturnUrl=%2f

21 More information available ahttps://zero-code.org/wpcontent/uploads/2018/11/ZERQ@odeT SBCalifornia.pdf
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emissions are not included. There are two strings of multiplieme-for Northern California climate
zones, and another for Southern California climate zafes.

4 Results

The Reach Code Teawaluated cost effectiveness of the following measure packages over a 2019 mixed
fuel code compliant baseline for all climate zonas detailedn Sections 4.1-4.3and reiterated in Figure
16:

i PackagelA—Mixed-Fuel + EE: Mixefiiel design with energy efficiency measures and federal
minimum appliance efficiencies.

i Packag 1B—Mixed-Fuel + EE + PWB Same as Packag#,Iplus solar PV and batteries.

I PackagelC— Mixed-fuel + HE Alternative design with high efficiency appliances, triggering
federal preemption.

I Package —All-Electric Federal Codklinimum Reference Allelectric design with federal code
minimum appliance efficiency. No solar PV or battery.

I Package3A— All-Electric + EE: Adllectric design with energy efficiency measures and federal
minimum appliance efficiencies.

i Package3B—All-Electric + EE + PAB: Same as Package 3A, plus solar PV and batteries.

i Package83C- All-Electric + HE: Adllectric design with high efficiency appliances, triggering
federal preemption.

Figure 16. Package Summary

Fuel Type Energy PV & Battery High Efficiency
Package Efficiency Appliances
Mixed Fuel | All-Bectric Measures (PV +B) (HE)
Mixed-FuelCode Minimum X
Baseline
1A—Mixed-Fuel + EE
1B—Mixed-Fuel + EE + P\VB X X X
1C-Mixed-fuel +HE X X
2 —All-Electric Federal Code
. X
Minimum Reference
3A-All-Electric + EE
3B-All-Electric + EE + PAB X X X
3C-All-Electric + HE X X

22 cBECComdocumentation does not state which climate zones fall under which region. GB&OBultipliers are the same for
CZs 15 and 1113 (presumed to be Northern California), while there is another set of multipliers for-OZared 1416 (assumed
to be Southern California).
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Section 4.4 presents the results of the-&y andPV+Battenanalysis.

TheTDV and o#bill based cost effectiveness results are presented in terms of B/C ratibR¥%h this

section What constitutes a ‘benefitr a ‘cost'varies with thescenariogecause both energy savings and
incremental construction costs may be negative depending on the package. Typically, utility bill savings
are categorized as a ‘benefit’ while incremental construction costs are treated as ‘costs.’ In cases where
both construction costs are negative and utility bill savings are negative, the construction cost savings are
treated as the ‘benefit’ while the utility bill negative savings are as the ‘cost.’

Overarching factors to keep in mind when reviewing the results include:

To pass the Energy Commission’s application process, local reach codes must both be cost
effective and exceed the energy performance budget using TDV (i.e., have a positive compliance
margin). To emphasize these two important factors, the figures in gasdd highlight in green

the modelingresultsthat have eithera positive compliance margor arecost effective This will

allow readers to identify whether scenarias fully or partially supportive of a reach code, and

the opportunities/challenges tht the scenario presents. Conversely, Secdigionly highlights

results that bothhave a positive compliance margin and are cost effective, to allow readers to
identify reach codeready scenarios.

i Note: Compliance margin represents the proportion of energy usage that is saved compared
to the baseline, measured on a TDV basis.

The Energy Commission does not currently altmmpliance credit for either solar PV or battery
storage. Thus, the compliance margins in Packagesed.the same a%B,and Package 3i& the
same as88B However,The Reach Code Teatid include the impact of solar PV and battery when
calculating TDV &b-effectiveness.

When performance modeling residential buildings, the Energy Commission allows the Standard
Design to be electric if the Proposed Design is electric, which removeselEiad penalties and
associated negative compliance margins. Thisrd&gly allows for a compliance pathway for all-
electric residential buildings. Nonresidential buildings are not treated in the same way and are
compared to a mixeduel standard design.

Results do not include an analysis and comparison of utility ratesiehtioned irSectior?.2,
The Reach Code Teammordinated with utilitiedo select tariffs for each prototype givehe
annual energy demand profiled the most prevalent rates in each utility territory. The Reach
Code Teandid not comparea variety of tariffs taletermine their impact orcost effectiveness
Note that most utility timeef-use ratesare continuoushyupdated which can affect cost
effectiveness results.

As a point of comparison, mixddel baseline energy figures are provided in AppeBdx

4.1 Cost Effectiveness Results Medium Office

Figurel7 throughFigure23 contain the coseffectiveness findings for thigledium Office packages.
Notable findings for each package include:
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1A—-Mixed-Fuel + EEPackages achievd 2to +20 percentcompliance margins depending on
climate zoneAll packages are cost effective in all climate zamgng the TDV approacAll
packages are cost effective using the-Bith approach except for LADWP territory.
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1B—Mixed-Fuel + EE + PVB All packages are cost effective using theEihand TDV
approactles, except OrBill in LADWP territory;When compared to 1A, thB/C ratiochanges
depending on the utility and climate zoii®ome increase while others decrease). HoweME
savingsare increase@crosshe board suggesting that larger investments yield larger returns

1C-Mixed-Fuel + HEPackages achieve #@+5percentcompliance margins depending on
climate zone, buho packagesvere cost effectiveThe incremental costs @f high efficiency
condensing boiler compared to a n@ondensing boiler contributes 26-47% of total
incremental costlepending on boiler siz8enefits of condensing boiler efficiencyme from
resetting hot water return temperature as boiler efficieriogreasesat lower hot water
temperature. Howeverhot water temperature resetontrol camot currently beimplementedin
the software In addition, thenatural gas energy cosbnstitutesno more than5% of total cost
for 15 climate zonessoimproving lwiler efficiencyhas limited contribution to reduction of total
energy cost.

2 —All-Electric Federal Codglinimum Reference

i Packages achieve betwee2v percentand +1percentcompliance margins depending on
climate zone. This is likely because the modeled system is electric resistance, and TDV values
electricity consumption more heavily than natural gas. Thislatitric design without other
efficiency measures does not comply with the Energy Commission’s TDV performance budget.

i All incremental costs are negative due to the elimination of natural gas infrastructure.

i Packageschieveutility cost savings and are cost effectiveing the OrBill approach in CZs 6
10 and 1415.Packages do not achieve savings and are not cost effective using#l On
approachin mostof PG&E territory (CZs2,4, 1213, and 16). Packagashieve savings and
are cost effective using TDV in all climate zones except CZ16

3A—All-Electric + EBPackages achieve positive compliance margins ex&éépercentin CZ16
which has a higher space heating load than other climate z@&lkegackages are cost effective in
all climate zones except CZ16.

3B-All-Electric + EE + P\B: Packageachieve positive compliance margins excefi percent
in CZ16. All packages are ceffective from arDVperspective in altlimate zones All packages
are cost effectivérom an OnBill perspective irall climate zones except (022 andCZ16in
LADWRerritory.

3C-All-Electric + HE?ackages achieve betweebpercentand +2percentcompliance margins
depending on climate zone. The only packages that are cost effective and with a positive
compliance margin are in CZ9and 15.As described indkage 1@esults space heating is a
relatively low proportion of energy costs in most climate zones, limiting the costs gains for higher
efficiency equipment.
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Figure 17. Cost Effectiveness for Medium Office Package 1A — MixedFuel + EE

Elec GHG Reduc | Comp Lifecycle B/C B/C
Savings Gas Savings tions liance Incremental Utility Cost $TDV Ratio Ratio NPV NPV

Ccz Utility | (kwh) (therms) (mtons) Margin Package Cost | Savings Savings (Onbill) | (TDV) (Onbill) | (TDV)
Package 1A: Mixed FuelEE

Cz01 | PG&E 34,421 -808 4.5 18% $66,649 $125,902| $71,307 1.9 1.1 | $59,253| $4,658
Cz02 | PG&E 40,985 -505 8.1 17% $66,649 $163,655| $99,181 2.5 15| $97,005| $32,532
Cz03 | PG&E 36,266 -463 7.0 20% $66,649 $141,897| $84,051 2.1 1.3 | $75,248| $17,401
CzZ04 | PG&E 40,590 -547 7.7 14% $66,649 $162,139 $95,410 2.4 1.4 | $95,489| $28,761
CZz042 | CPAU 40,590 -547 7.7 14% $66,649 $85,537 $95,410 1.3 1.4 | $18,887| $28,761
CZ05 | PG&E 38,888 -499 7.4 18% $66,649 $154,044 $91,115 2.3 1.4 | $87,395| $24,465
Cz0%2 | SCG 38,888 -499 7.4 18% $66,649 $156,315 $91,115 2.3 1.4 | $89,665| $24,465
CZ06 | SCE 39,579 -305 8.7 20% $66,649 $86,390| $100,469 1.3 1.5 $19,741| $33,820
Cz062 | LADWP 39,579 -305 8.7 20% $66,649 $51,828| $100,469 0.8 1.5 | ($14,821)| $33,820
Cz07 | SDG&E 41,817 -6 11.3 20% $66,649 $204,394| $112,497 3.1 1.7 | $137,745| $45,848
CzZ08 | SCE 41,637 -60 10.8 18% $66,649 $89,783| $113,786 1.3 1.7 $23,134| $47,137
CZ082 | LADWP 41,637 -60 10.8 18% $66,649 $54,876| $113,786 0.8 1.7 | ($11,773)| $47,137
Cz09 | SCE 42,539 -210 10.1 16% $66,649 $95,636| $115,647 1.4 1.7 $28,987| $48,998
CZ092 | LADWP 42,539 -210 10.1 16% $66,649 $58,168| $115,647 0.9 1.7 | ($8,481)| $48,998
CZ10 | SDG&E 41,857 -216 9.8 17% $66,649 $210,303| $108,726 3.2 1.6 | $143,654| $42,077
Cz1e2 | SCE 41,857 -216 9.8 17% $66,649 $92,736| $108,726 1.4 1.6 | $26,087| $42,077
Cz11 | PG&E 42,523 -390 9.1 13% $66,649 $166,951| $104,001 2.5 1.6 | $100,301| $37,352
Z12 PG&E 41,521 -466 8.4 14% $66,649 $161,594| $100,135 2.4 1.5 $94,945| $33,486
CzZ12 | SMUD 41,521 -466 8.4 14% $66,649 $71,734| $100,135 1.1 1.5 $5,085| $33,486
Z13 | PG&E 42,898 -434 9.0 13% $66,649 $169,107| $99,992 2.5 1.5 | $102,457| $33,343
CZ14 | SDG&E 42,224 -441 8.6 14% $66,649 $211,529| $106,913 3.2 1.6 | $144,880| $40,264
CZ142 | SCE 42,224 -441 8.6 14% $66,649 $95,809| $106,913 1.4 1.6 | $29,160| $40,264
Z15 SCE 45,723 -147 11.2 12% $66,649 $102,714| $118,034 1.5 1.8 $36,065| $51,384
Cz16 | PG&E 37,758 -736 5.8 14% $66,649 $145,947 $79,755 2.2 1.2 $79,297| $13,106
Z162 | LADWP 37,758 -736 5.8 14% $66,649 $40,115 $79,755 0.6 1.2 | ($26,534)| $13,106
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Elec GHG Comp- Lifecycle B/C B/C
Savings | Gas Savings savings liance Incremental Energy Cost $-TDV Ratio Ratio NPV (On NPV

(ov4 Utility (kWh) (therms) (mtons) Margin (%) | Package Cost Savings Savings | (Onbill) (TDV) hill) (TDV)
Mixed Fuel + PV + Battery

CZ01 | PG&E 211,225 -808 39.9 18% $397,405 $645,010| $454,284 1.6 1.1 $247,605| $56,879
Cz02 | PG&E 255,787 -505 50.6 17% $397,405 $819,307| $573,033 2.1 1.4 $421,902| $175,628
03 PG&E 245,421 -463 48.8 20% $397,405 $777,156| $536,330 2.0 1.3 $379,751| $138,925
CzZ04 | PG&E 267,612 -547 52.7 14% $397,405 $836,221| $597,471 2.1 1.5 $438,816| $200,066
Z042 | CPAU 267,612 -547 52.7 14% $397,405 $621,879| $597,471 1.6 1.5 $224,474| $200,066
Cz05 | PG&E 264,581 -499 52.5 18% $397,405 $897,216| $578,856 2.3 1.5 $499,811| $181,451
CZ052 | SCG 264,581 -499 52.5 18% $397,405 $899,487| $578,856 2.3 1.5 $502,082| $181,451
CZ06 | SCE 257,474 -305 52.1 20% $397,405 $484,229| $594,416 1.2 1.5 $86,824| $197,011
Ccz06e2 | LA 257,474 -305 52.1 20% $397,405 $282,360| $594,416 0.7 15| ($115,045)| $197,011
Cz07 | SDG&E 264,530 -6 55.7 20% $397,405 $817,528| $610,548 2.1 1.5 $420,123| $213,143
CzZ08 | SCE 258,348 -60 54.0 18% $397,405 $479,073| $625,249 1.2 1.6 $81,668| $227,844
082 | LA 258,348 -60 54.0 18% $397,405 $275,704| $625,249 0.7 1.6 | ($121,701)| $227,844
CzZ09 | SCE 262,085 -210 54.3 16% $397,405 $480,241| $622,528 1.2 1.6 $82,836| $225,123
CzZ092 | LA 262,085 -210 54.3 16% $397,405 $282,209| $622,528 0.7 1.6 | ($115,196)| $225,123
CZ10 | SDG&E 258,548 -216 53.4 17% $397,405 $839,931| $595,323 2.1 1.5 $442,526| $197,918
CZ1@2 | SCE 258,548 -216 53.4 17% $397,405 $485,523| $595,323 1.2 1.5 $88,118| $197,918
11 PG&E 253,623 -390 50.9 13% $397,405 $826,076| $585,682 2.1 1.5 $428,671| $188,277
Z12 PG&E 252,868 -466 50.3 14% $397,405 $802,715| $582,866 2.0 1.5 $405,310| $185,461
CZ122 | SMUD 252,868 -466 50.3 14% $397,405 $415,597| $582,866 1.0 1.5 $18,192| $185,461
13 PG&E 250,915 -434 50.4 13% $397,405 $806,401| $573,606 2.0 1.4 $408,996| $176,201
Cz14 | SDG&E 283,684 -441 56.4 14% $397,405 $874,753| $676,271 2.2 1.7 $477,348| $278,866
CZ142 | SCE 283,684 -441 56.4 14% $397,405 $493,888| $676,271 1.2 1.7 $96,483| $278,866
Z15 SCE 274,771 -147 56.0 12% $397,405 $476,327| $640,379 1.2 1.6 $78,922| $242,974
Cz16 | PG&E 266,490 -736 51.8 14% $397,405 $842,205| $575,563 2.1 1.4 $444,800| $178,158
162 | LA 266,490 -736 51.8 14% $397,405 $260,372| $575,563 0.7 1.4 | ($137,033)| $178,158
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Figure 19. Cost Effectiveness for Medium Office Package 1C — Mixed-Fuel + HE

Elec GHG Comp Lifecycle B/C B/C
Savings GasSavings| Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

(ov4 Utility | (kwh) (therms) (mtons) Margin Package Cost | Savings Savings | (Onhill) | (TDV) bill) (TDV)
Package € Mixed Fue+ HE

Cz01 | PG&E 288 688 4.1 3% $61,253 $18,656| $12,314 0.3 0.2 | ($42,597)| ($48,939)
Cz02 | PG&E 3,795 550 4.3 4% $68,937 $36,683| $24,676 0.5 0.4 | ($32,254)| ($44,261)
CzZ03 | PG&E 1,241 439 2.9 3% $57,529 $20,150| $11,885 0.4 0.2 | ($37,379)| ($45,644)
Cz04 | PG&E 5,599 529 4.7 5% $72,074 $44,915| $30,928 0.6 0.4 | ($27,158)| ($41,145)
CZ042 | CPAU 5,599 529 4.7 5% $72,074 $24,175| $30,928 0.3 0.4 | ($47,898)| ($41,145)
CZ05 | PG&E 3,470 453 3.6 4% $60,330 $35,072| $18,232 0.6 0.3 ] ($25,258)| ($42,097)
CZ052 | SCG 3,470 453 3.6 4% $60,330 $32,777| $18,232 0.5 0.3 | (%$27,553)| ($42,097)
CZ06 | SCE 3,374 298 2.6 3% $55,594 $19,446| $16,132 0.3 0.3 | (%$36,148)| ($39,462)
CZ062 | LADWP 3,374 298 2.6 3% $55,594 $13,450| $16,132 0.2 0.3 | (%$42,145)| ($39,462)
CZ07 | SDG&E 5,257 140 2.3 4% $54,111 $41,086| $19,903 0.8 0.4 | ($13,025)| ($34,208)
CZ08 | SCE 5,921 176 2.7 4% $60,497 $22,210| $24,055 0.4 0.4 | (%$38,287)| ($36,442)
CZ082 | LADWP 5,921 176 2.7 4% $60,497 $14,064| $24,055 0.2 0.4 | (%$46,434)| ($36,442)
CzZ09 | SCE 7,560 224 3.5 4% $61,311 $28,576| $31,835 0.5 0.5 | ($32,735)| ($29,476)
CZ092 | LADWP 7,560 224 3.5 4% $61,311 $18,262| $31,835 0.3 0.5 | ($43,049)| ($29,476)
CZ10 | SDG&E 5,786 288 3.2 4% $62,685 $50,717| $24,628 0.8 0.4 | ($11,968)| ($38,057)
CZz1@2 | SCE 5,786 288 3.2 4% $62,685 $24,575| $24,628 0.4 0.4 | ($38,110)| ($38,057)
Cz11 | PG&E 8,128 441 4.9 5% $71,101 $54,188| $37,849 0.8 0.5| ($16,912)| ($33,252)
Cz12 | PG&E 6,503 478 4.7 5% $68,329 $47,329| $34,556 0.7 0.5| ($20,999)| ($33,773)
Cz12 | SMUD 6,503 478 4.7 5% $68,329 $24,003| $34,556 0.4 0.5| (%$44,325)| ($33,773)
CZ13 | PG&E 8,398 432 5.0 5% $69,474 $51,347| $37,229 0.7 0.5| (%$18,128)| ($32,246)
CZ14 | SDG&E 7,927 470 5.0 5% $69,463 $62,744| $37,133 0.9 0.5 ($6,718)| ($32,329)
CZ142 | SCE 7,927 470 5.0 5% $69,463 $32,517| $37,133 0.5 0.5| (%$36,946)| ($32,329)
Cz15 | SCE 15,140 219 5.5 5% $66,702 $43,773| $52,359 0.7 0.8 | ($22,929)| ($14,344)
CZ16 | PG&E 3,111 912 6.3 5% $71,765 $36,002| $24,914 0.5 0.3 | (%$35,763)| ($46,851)
Cz162 | LADWP 3,111 912 6.3 5% $71,765 $23,057| $24,914 0.3 0.3 | ($48,708)| ($46,851)
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Figure 20. Cost Effectiveness for Medium Office Package 2 — All-Electric Federal Code Minimum

Elec .| GHG Comp Incremental | Lifecycle B/C B/C
Ccz Utility | Savings (C'?r?:rr?g\)/mg‘ Reductions liance Package Utility Cost zg\l?i\r:gs Ratio Ratio t’;liﬁ)v (On ('\'II'FI)DY/)
(kwWh) (mtons) Margin Cost Savings (Onbill) | (TDV)

Package 2: AlElectricFederalCode Minimum

CZ01 | PG&E -53,657 4967 10.1 -15% ($87,253) ($98,237)| ($58,420) 0.9 15| ($10,984)| $28,833
Cz02 | PG&E -49,684 3868 5.0 -7% ($73,695) ($101,605)| ($41,429) 0.7 1.8 | ($27,910)| $32,266
CZ03 | PG&E -35,886 3142 5.6 -71% ($82,330) ($57,345)| (%$29,592) 1.4 2.8 $24,986| $52,738
CzZ04 | PG&E -48,829 3759 4.7 -6% ($69,012) ($90,527)| (%$40,570) 0.8 1.7 ($21,515)| $28,443
Cz042 | CPAU -48,829 3759 4.7 -6% ($69,012) ($19,995)| (%$40,570) 3.5 1.7 $49,018| $28,443
CZ05 | PG&E -40,531 3240 4.5 -8% ($84,503) ($63,663)| ($39,997) 1.3 2.1 $20,840| $44,506
CZ06 | SCE -26,174 2117 3.1 -4% ($76,153) $24,908| ($20,571) >1 3.7 $101,061| $55,581
CZ062 | LADWP -26,174 2117 3.1 -4% ($76,153) $26,366| ($20,571) >1 3.7 $102,518| $55,581
CZ07 | SDG&E -12,902 950 0.9 -2% ($70,325) $46,879| ($11,407) >1 6.2 $117,204| $58,918
CZ08 | SCE -15,680 1219 1.5 -2% ($68,774) $17,859| ($12,648) >1 5.4 $86,633| $56,125
CZ082 | LADWP -15,680 1219 15 -2% ($68,774) $18,603| ($12,648) >1 5.4 $87,376| $56,125
CZ09 | SCE -19,767 1605 2.4 -2% ($63,102) $20,920| ($14,462) >1 4.4 $84,022| $48,640
CZ092 | LADWP -19,767 1605 2.4 -2% ($63,102) $21,929| ($14,462) >1 4.4 $85,030| $48,640
CZ10 | SDG&E -27,414 2053 2.2 -4% ($47,902) $38,918| ($23,339) >1 2.1 $86,820| $24,562
CZ1062 | SCE -27,414 2053 2.2 -4% ($47,902) $20,765| ($23,339) >1 2.1 $68,666| $24,562
Z11 | PG&E -40,156 3062 3.6 -4% ($63,987) ($72,791)| ($32,837) 0.9 1.9 ($8,804)| $31,150
CzZ12 | PG&E -43,411 3327 4.1 -5% ($68,343) ($85,856)| ($35,463) 0.8 19| ($17,512)| $32,880
Cz122 | SMUD -43,411 3327 4.1 -5% ($68,343) ($5,109)| ($35,463) 134 1.9 $63,234| $32,880
CzZ13 | PG&E -39,649 3063 3.8 -4% ($62,726) ($70,705)| ($32,408) 0.9 1.9 ($7,980)| $30,318
CzZ14 | SDG&E -44,322 3266 3.4 -5% ($65,156) $6,043| ($38,422) >1 1.7 $71,199| $26,735
CZ142 | SCE -44,322 3266 3.4 -5% ($65,156) $4,798| ($38,422) >1 1.7 $69,954| $26,735
CzZ15 | SCE -19,917 1537 1.8 -2% ($36,176) $12,822| ($15,464) >1 2.3 $48,998| $20,711
Z16 | PG&E -94,062 6185 5.6 -27% ($64,096) ($212,158)| ($150,871) 0.3 0.4 | ($148,062)| ($86,775)
Cz162 | LADWP -94,062 6185 5.6 -27% ($64,096) $1,493| ($150,871) >1 0.4 $65,589| ($86,775)

*The Incremental Package Cost is equal tostimaof the incrementalHVAC and water heating equipment costs from

FigurelO, the electri@l infrastructureincremental cosbf $27,802(see section 3.3.2)1and the natural gas infrastructure incremental cost$(18,949)(see

section3.3.2.2).
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Figure 21. Cost Effectiveness for Medium Office Package 3A — All-Electric + EE

Elec GHG Comp Incremental | Lifecycle B/C B/C
Savings Gas Savingg Reductions liance Package Utility Cost $TDV Ratio Ratio NPV (On | NPV

(074 Utility | (kwWh) (therms) (mtons) Margin Cost Savings Savings (Onhill) | (TDV) bill) (TDV)
Package3A: All-Electric+ EE

CZ01 | PG&E -19,115 4967 19.4 7% ($20,604) $20,630 $28,112 >1 >1 $41,234| $48,716
Cz02 | PG&E -11,811 3868 15.2 10% ($7,046) $39,260 $58,563 >1 >1 $46,306| $65,609
Cz03 | PG&E 2,530 3142 16.2 16% ($15,681) $85,241 $68,682 >1 >1 | $100,922| $84,363
Cz04 | PG&E -10,839 3759 14.8 9% ($2,363) $59,432 $58,420 >1 >1 $61,795| $60,783
CZ042 | CPAU -10,839 3759 14.8 9% ($2,363) $70,680 $58,420 >1 >1 $73,043| $60,783
CZ05 | PG&E -2,316 3240 14.6 12% ($17,854) $85,380 $58,802 >1 >1| $103,234| $76,656
CZ06 | SCE 15,399 2117 14.3 18% ($9,503) $114,962 $89,921 >1 >1 | $124,466| $99,425
CZ062 | LADWP 15,399 2117 14.3 18% ($9,503) $82,389 $89,921 >1 >1 $91,893| $99,425
Cz07 | SDG&E 33,318 950 13.8 20% ($3,676) $256,704| $111,399 >1 >1 | $260,380| $115,076
Cz08 | SCE 30,231 1219 14.2 18% ($2,124) $110,144| $111,781 >1 >1 | $112,268| $113,906
CZ082 | LADWP 30,231 1219 14.2 18% ($2,124) $76,069| $111,781 >1 >1 $78,194| $113,906
CZ09 | SCE 24,283 1605 14.3 15% $3,547 $119,824| $108,249 33.8 30.5| $116,277| $104,702
CZ092 | LADWP 24,283 1605 14.3 15% $3,547 $83,549| $108,249 23.6 30.5 $80,001| $104,702
CzZ10 | SDG&E 12,344 2053 12.6 13% $18,748 $230,553 $82,905 12.3 44| $211,806| $64,158
CZ1@2 | SCE 12,344 2053 12.6 13% $18,748 $105,898 $82,905 5.6 4.4 $87,150| $64,158
Z11 | PG&E 929 3062 14.5 10% $2,662 $85,988 $75,030 32.3 28.2 $83,326| $72,368
Z12 | PG&E -3,419 3327 14.8 10% ($1,694) $68,866 $69,589 >1 >1 $70,560| $71,283
CZ122 | SMUD -3,419 3327 14.8 10% ($1,694) $71,761 $69,589 >1 >1 $73,455| $71,283
Cz13 | PG&E 1,398 3063 14.8 9% $3,923 $89,799 $71,307 22.9 18.2 $85,875| $67,384
Z14 | SDG&E -5,469 3266 13.5 9% $1,493 $206,840| $69,016 138.6 46.2 | $205,347| $67,523
CZ142 | SCE -5,469 3266 13.5 9% $1,493 $94,143 $69,016 63.1 46.2 $92,650| $67,523
Cz15 | SCE 25,375 1537 13.7 10% $30,474 $114,909| $104,335 3.8 3.4 $84,435| $73,862
Z16 | PG&E -65,877 6185 12.7 -15% $2,553 ($91,477)| ($85,673) -35.8 -33.6 | ($94,030)| ($88,226)
Cz16e2 | LADWP -65,877 6185 12.7 -15% $2,553 $72,780| ($85,673) 28.5 -33.6 $70,227| ($88,226)
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Figure 22. Cost Effectiveness for Medium Office Package 3B — All-Electric + EE + PV+ B

Lifecycle B/C
Elec Gas GHG Energy Ratio B/C
Savings Savings savings | Compliance | Incremental Cost $-TDV On Ratio NPV (On

(074 10U territory (kWh) (therms) (mtons) Margin (%) | Package Cost Savings Savings bill) (TDV) bill) NPV (TDV)
All-Electric + PV + B

Cz01 PG&E 157,733 4967 54.9 7% $310,152| $518,421| $410,946 1.7 1.3 $208,269| $100,794
Cz02 PG&E 203,026 3868 57.8 10% $323,710| $692,336| $532,273 2.1 1.6 $368,626| $208,563
CZz03 PG&E 211,706 3142 58.0 16% $315,075| $708,235| $520,866 2.2 1.7 $393,160| $205,791
Cz04 PG&E 216,204 3759 59.9 9% $328,393| $741,382| $560,576 2.3 1.7 $412,989| $232,183
CZ042 CPAU 216,204 3759 59.9 9% $328,393| $607,074| $560,576 1.8 1.7 $278,681| $232,183
CZ05 PG&E 223,399 3240 59.8 12% $312,902| $799,992| $546,592 2.6 1.7 $487,090| $233,690
CZ06 SCE 233,299 2117 57.7 18% $321,252| $509,969| $583,963 1.6 1.8 $188,716| $262,711
Cz062 LA 233,299 2117 57.7 18% $321,252| $311,931| $583,963 1.0 1.8 ($9,322)| $262,711
Cz07 SDG&E 256,034 950 58.3 20% $327,079| $870,156| $609,498 2.7 1.9 $543,076| $282,419
CZz08 SCE 246,944 1219 57.4 18% $328,631| $499,506| $623,292 15 1.9 $170,874| $294,661
CZ082 LA 246,944 1219 57.4 18% $328,631| $296,991| $623,292 0.9 1.9 ($31,640)| $294,661
CZ09 SCE 243,838 1605 58.5 15% $334,303| $504,498| $615,178 15 1.8 $170,195| $280,875
CZ092 LA 243,838 1605 58.5 15% $334,303| $307,626| $615,178 0.9 1.8 ($26,677)| $280,875
CZ10 SDG&E 229,044 2053 56.2 13% $349,503| $851,810| $569,549 2.4 1.6 $502,306| $220,046
Cz1@2 SCE 229,044 2053 56.2 13% $349,503| $491,383| $569,549 14 1.6 $141,880| $220,046
Cz11 PG&E 212,047 3062 56.4 10% $333,418| $743,403| $556,758 2.2 1.7 $409,985| $223,340
Cz12 PG&E 207,955 3327 56.7 10% $329,062| $713,054| $552,415 2.2 1.7 $383,993| $223,353
Czi2 SMUD 207,955 3327 56.7 10% $329,062| $414,371| $552,415 1.3 1.7 $85,310| $223,353
CZ13 PG&E 209,431 3063 56.3 9% $334,679| $728,822| $544,969 2.2 1.6 $394,143| $210,289
CZ14 SDG&E 236,002 3266 61.3 9% $332,249| $865,181| $638,517 2.6 1.9 $532,933| $306,269
Cz142 SCE 236,002 3266 61.3 9% $332,249| $488,163| $638,517 15 1.9 $155,914| $306,269
CZz15 SCE 254,426 1537 58.5 10% $361,229| $487,715| $626,728 14 1.7 $126,486| $265,499
CZ16 PG&E 162,915 6185 58.6 -15% $333,309| $580,353| $406,746 1.7 1.2 $247,044 $73,437
Cz1e2 LA 162,915 6185 58.6 -15% $333,309| $290,566| $406,746 0.9 1.2 ($42,742) $73,437
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Figure 23. Cost Effectiveness for Medium Office Package 3C — AllElectric + HE

B/C
Elec Gas GHG Comp- Lifecycle Ratio B/C
Savings | Savings Reductions liance Incremental Utility Cost $TDV On Ratio NPV (On

(074 Utility | (kwWh) (therms) (mtons) Margin Package Cost | Savings Savings bill) (TDV) bill) NPV (TDV)
Package3C. All-Electric+ HE

CZ01 | PG&E -53,390 4967 10.2 -14% ($43,987) ($93,740)| ($57,752) 0.5 0.8 | ($49,753)| ($13,765)
Cz02 | PG&E -45,916 3868 6.1 -5% ($22,722) ($77,212)|  ($26,394) 0.3 0.9 ] ($54,490)| ($3,672)
CZ03 | PG&E -34,656 3142 6.0 -6% ($38,261) ($45,796)| ($25,153) 0.8 15 ($7,535) $13,108
Cz04 | PG&E -43,248 3759 6.3 -3% ($15,229) ($56,932)| ($18,996) 0.3 0.8 | ($41,703)| ($3,767)
CZ042 | CPAU -43,248 3759 6.3 -3% ($15,229) ($5,298)| ($18,996) 2.9 0.8 $9,932 ($3,767)
CzZ05 | PG&E -37,068 3240 5.4 -6% ($40,434) ($38,330)| ($29,544) 1.1 14 $2,104 $10,890
CZ06 | SCE -22,805 2117 4.0 -2% ($30,237) $39,812 ($9,594) >1 3.2 $70,050 $20,644
CZz062 | LADWP -22,805 2117 4.0 -2% ($30,237) $35,414 ($9,594) >1 3.2 $65,651 $20,644
CZ07 | SDG&E -7,646 950 25 1% ($22,564) $86,159 $6,062 >1 >1 | $108,722 $28,625
CZ08 | SCE -9,761 1219 3.2 1% ($18,443) $37,375 $8,305 >1 >1 $55,818 $26,748
CZ082 | LADWP -9,761 1219 3.2 1% ($18,443) $29,973 $8,305 >1 >1 $48,416 $26,748
CzZ09 | SCE -12,211 1605 4.5 2% ($10,282) $46,335 $13,364 >1 >1 $56,617 $23,646
CZ092 | LADWP -12,211 1605 4.5 2% ($10,282) $37,030 $13,364 >1 >1 $47,313 $23,646
CZ10 | SDG&E| -21,642 2053 3.7 -1% $11,340 $84,901 ($3,818) 7.5 -0.3 $73,561| ($15,158)
Cz1@2 | SCE -21,642 2053 3.7 -1% $11,340 $40,659 ($3,818) 3.6 -0.3 $29,319| ($15,158)
CZ11 | PG&E -32,052 3062 5.9 0% ($8,519) ($29,013) ($3,007) 0.3 2.8 | ($20,495) $5,512
Cz12 | PG&E -36,926 3327 6.0 -1% ($15,443) ($48,955) ($9,546) 0.3 1.6 | ($33,511) $5,898
CzZ12 | MUD -36,926 3327 6.0 -1% ($15,443) $9,916 ($9,546) >1 1.6 $25,359 $5,898
Cz13 | PG&E -31,253 3063 6.3 0% ($7,257) ($27,782) ($3,055) 0.3 24| ($20,525) $4,202
CZ14 | SDGE -36,402 3266 5.7 -1% ($10,651) $61,605 ($9,832) >1 1.1 $72,256 $819
Cz142 | SCE -36,402 3266 5.7 -1% ($10,651) $30,625 ($9,832) >1 11 $41,276 $819
Cz15 | SCE -4,775 1537 6.0 3% $28,927 $52,955 $32,790 1.8 1.1 $24,028 $3,863
CZ16 | PG&E -90,949 6185 6.5 -26% ($8,467) ($194,115)| ($142,041) 0.0 0.1 | ($185,648)| ($133,574)
CZz162 | LADWP -90,949 6185 6.5 -26% ($8,467) $37,127| ($142,041) >1 0.1 $45,594 | ($133,574)
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4.2 CostEffectiveness Results — Medium Retall

Figure24 through Figure30 contain the coseffectiveness findings for theledium Retailpackages.
Notable findings for each package include:

i 1A—Mixed-Fuel + EE:

i Packages achievé®% to 48% compliance margins depending on climate zone, and all
packages are cost effective in all climate zones.

I Incrementalpackage costs vacross climate zones becausf the HVAC system size in some
climate zones are small enough (<54 kBtu/h) to have the econonmesgisure applied.

i B/C ratios are high compared to other prototypes because the measures applied are primarily
low-cost lighting measures. This suggestamdor the inclusion of other energy efficiency
measures with lower cosffectiveness to achieve evémngher compliance margins farcost
effectivepackage.

I 1B—Mixed-Fuel + EE + PVB All packages are cost effective using bthte OnBilland TDV
approach except OrBill in LADWP territoryAdding PV and battery to the efficiencgigkages
reducesthe B/C ratio but increassoverall NPV savings.

I 1C—Mixed-fuel + HEPackages achievd 0 +4% compliance margins depending on climate
zone, and packages are cost effective ilathate zons except @s 1, 3 an® using the TDV
approach

i 2—All-Electric Federal Codklinimum Reference
i Packages achieve betweel?% and +1%ompliance margins depending on climate zone

i Packages achieve positive savings using both thBilDand TDV approaches in CZ€&nd
14-15. Packages do not achieve-Bitl or TDV savings in most of PG&E territory (CZs4, 5
1213, and 16).

I Padkagesare cost effective in all climate zones except CZ16.
I All incremental costs are negative primadiye to elimination of natural gas infrastructure

i 3A—All-Electric + EEPackages achieve betweeB% and+16% compliance margins depending
onclimate zone. All packages are cost effective in all climate zones.

i 3B—All-Electric + EE + PVB All packages are cost effectiusingboth the OnBilland TDV
approacles, except OrBill in LADWP territoryAdding PV and Battety the efficiency pckaye
reducesthe B/C ratio but increassoverall NPV savings.

I 3C-All-Electric + HEPackageachievebetween-8% andt+5% compliance margins depending on
climate zone, and packages are cost effective using botBilDand TDV approaches in all CZs
except Zs 1 and 16
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Figure 24. Cost Effectiveness for Medium Retail Package 1A — Mixed-Fuel + EE

Elec GHG Comp Lifecycle B/C B/C
Savings Gas Savings Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

CzZ Utility (kwWh) (therms) (mtons) Margin Package Cost | Savings Savings | (Onbill) | (TDV) bill) (TDV)
Package 1A: Mixed FuelEE

CZ01 | PG&E 15,210 1209 11.10 18% $2,712 $68,358| $60,189 25.2 22.2 $65,646| $57,478
CZ02 | PG&E 18,885 613 8.73 13% $5,569 $76,260| $59,135 13.7 10.6 $70,691| $53,566
CZ03 | PG&E 18,772 462 7.87 16% $5,569 $66,813| $57,135 12.0 10.3 $61,244| $51,566
CzZ04 | PG&E 19,100 439 7.84 14% $5,569 $75,989| $58,036 13.6 10.4 $70,420| $52,467
CZ042 | CPAU 19,100 439 7.84 14% $5,569 $51,556| $58,036 9.3 10.4 $45,987| $52,467
CZ05 | PG&E 17,955 415 7.41 16% $5,569 $63,182| $55,003 11.3 9.9 $57,613| $49,435
CZ052 | SCG 17,955 415 7.41 16% $5,569 $61,810| $55,003 11.1 9.9 $56,241| $49,435
CZ06 | SCE 12,375 347 5.54 10% $2,712 $31,990| $41,401 11.8 15.3 $29,278| $38,689
Cz062 | LADWP 12,375 347 5.54 10% $2,712 $21,667| $41,401 8.0 15.3 $18,956| $38,689
Cz07 | SDG&E 17,170 136 5.65 13% $5,569 $73,479| $49,883 13.2 9.0 $67,910| $44,314
Cz08 | SCE 12,284 283 5.15 10% $2,712 $30,130| $41,115 11.1 15.2 $27,419| $38,403
Cz08 | LADWP 12,284 283 5.15 10% $2,712 $20,243| $41,115 7.5 15.2 $17,531| $38,403
CzZ09 | SCE 13,473 302 5.51 10% $5,569 $32,663| $46,126 5.9 8.3 $27,094| $40,557
CzZ092 | LADWP 13,473 302 5.51 10% $5,569 $22,435| $46,126 4.0 8.3 $16,866| $40,557
CZ10 | SDG&E 19,873 267 6.99 12% $5,569 $83,319| $58,322 15.0 10.5 $77,751| $52,753
CzZ1@2 | SCE 19,873 267 6.99 12% $5,569 $39,917| $58,322 7.2 10.5 $34,348| $52,753
Cz11 | PG&E 21,120 578 9.14 13% $5,569 $86,663| $67,485 15.6 12.1 $81,095| $61,916
Cz12 | PG&E 20,370 562 8.85 13% $5,569 $81,028| $64,409 14.6 11.6 $75,459| $58,840
Cz122 | SMUD 20,370 562 8.85 13% $5,569 $44,991| $64,409 8.1 11.6 $39,422| $58,840
CzZ13 | PG&E 22,115 620 9.98 15% $2,712 $109,484| $83,109 40.4 30.6 | $106,772| $80,398
CzZ14 | SDG&E 25,579 406 9.38 13% $2,712 $116,354| $80,055 42.9 29.5| $113,643| $77,343
CZ142 | SCE 26,327 383 9.42 13% $2,712 $57,290| $83,065 21.1 30.6 $54,578| $80,354
CzZ15 | SCE 26,433 169 8.35 12% $2,712 $57,152| $79,506 21.1 29.3 $54,440| $76,794
CZ16 | PG&E 15,975 752 8.72 13% $2,712 $72,427| $55,025 26.7 20.3 $69,715| $52,314
CZ162 | LADWP 15,975 752 8.72 13% $2,712 $31,906| $55,025 11.8 20.3 $29,194| $52,314
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Figure 25. Cost Effectiveness for Medium Retail Package 1B — Mixed-Fuel + EE + P\+ B

B/C
Elec Gas GHG Lifecycle Ratio B/C
Savings Savings savings Compliance Incremental Energy Cost| $-TDV ©On Ratio | NPV (On NPV

(074 10U territory (kwWh) (therms) (tons) Margin (%) Package Cost Savings Savings bill) (TDV) bill) (TDV)
Mixed Fuel + PV Battery

CZ01 | PG&E 158,584 1209 40.79 18% $277,383 $509,092| $383,683 1.8 1.4 | $231,709| $106,300
CzZ02 | PG&E 189,400 613 43.75 13% $280,240 $590,043| $465,474 2.1 1.7 | $309,803| $185,234
203 | PG&E 191,016 462 43.52 16% $280,240 $578,465| $452,795 2.1 1.6 | $298,224| $172,554
Cz04 | PG&E 195,014 439 44.14 14% $280,240 $605,369| $480,989 2.2 1.7 | $325,129| $200,748
CZ042 | CPAU 195,014 439 44.14 14% $280,240 $451,933| $480,989 1.6 1.7 | $171,693| $200,748
CZ05 | PG&E 196,654 415 44.30 16% $280,240 $589,771| $464,749 2.1 1.7 | $309,530| $184,509
CZ052 | SCG 196,654 415 44.30 16% $280,240 $588,407| $464,749 2.1 1.7 | $308,167| $184,509
CZ06 | SCE 185,903 347 41.61 10% $277,383 $322,495| $456,596 1.2 1.6 $45,111| $179,213
Cz062 | LA 185,903 347 41.61 10% $277,383 $191,428| $456,596 0.7 1.6 | ($85,955)| $179,213
CZ07 | SDG&E 197,650 136 43.24 13% $280,240 $496,786| $477,582 1.8 1.7 | $216,545| $197,342
CZ08 | SCE 187,869 283 41.48 10% $277,383 $326,810| $478,132 1.2 1.7 $49,427| $200,749
Z082 | LA 187,869 283 41.48 10% $277,383 $190,379| $478,132 0.7 1.7 | ($87,004)| $200,749
CzZ09 | SCE 191,399 302 42.32 10% $280,240 $334,869| $472,770 1.2 1.7 $54,629| $192,530
CzZ092 | LA 191,399 302 42.32 10% $280,240 $201,759| $472,770 0.7 1.7 | ($78,481)| $192,530
CZ10 | SDG&E 200,033 267 44.01 12% $280,240 $547,741| $472,880 2.0 1.7 | $267,501| $192,640
CZ1@2 | SCE 200,033 267 44.01 12% $280,240 $340,822| $472,880 1.2 1.7 $60,582 | $192,640
Z11 | PG&E 192,846 578 44.07 13% $280,240 $582,969| $490,855 2.1 1.8 | $302,728| $210,615
Z12 | PG&E 191,720 562 43.70 13% $280,240 $586,836| $485,076 2.1 1.7 | $306,596| $204,836
Cz122 | SMUD 191,720 562 43.70 13% $280,240 $319,513| $485,076 1.1 1.7 $39,273| $204,836
13 | PG&E 195,031 620 45.19 15% $277,383 $605,608| $486,285 2.2 1.8 | $328,225| $208,901
CZ14 | SDG&E 217,183 406 47.86 13% $277,383 $559,148| $534,915 2.0 1.9 | $281,765| $257,532
Z142 | SCE 217,927 383 47.91 14% $277,383 $354,757| $538,058 1.3 1.9 $77,373| $260,674
Z15 | SCE 208,662 169 4451 12% $277,383 $338,772| $496,107 1.2 1.8 $61,389| $218,724
CZ16 | PG&E 210,242 752 48.76 13% $277,383 $608,779| $490,262 2.2 1.8 | $331,395| $212,879
Z162 | LA 210,242 752 48.76 13% $277,383 $207,160| $490,262 0.7 1.8 | ($70,223)| $212,879
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Figure 26. Cost Effectiveness for Medium Retail Package 1C — Mixed-Fuel + HE

Elec GHG Comp Lifecycle B/C B/C
Savings GasSavings | Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

(074 Utility | (kwh) (therms) (mtons) Margin Package Cost | Savings Savings | (Onbill) | (TDV) bill) (TDV)
Package 1Mixed Fue+ HE

CZ01 | PG&E 57 346 2.04 2% $9,006 $6,301 $6,065 0.7 0.7 ($2,705)| ($2,941)
Cz02 | PG&E 2,288 229 2.01 3% $9,726 $23,016| $13,998 2.4 14| $13,291| $4,273
Cz03 | PG&E 1,087 171 1.31 2% $9,063 $6,782 $7,186 0.7 0.8 | ($2,282)| ($1,877)
Cz04 | PG&E 1,862 159 1.46 3% $9,004 $17,891| $10,878 2.0 1.2 $8,887| $1,874
CZ042 | CPAU 1,862 159 1.46 3% $9,004 $7,821| $10,878 0.9 12| (%$1,182)| $1,874
CZ05 | PG&E 664 162 1.11 1% $9,454 $5,119 $4,725 0.5 0.5| ($4,335)| ($4,729)
CZ052 | SCG 664 162 1.11 1% $9,454 $4,558 $4,725 0.5 0.5| ($4,896)| ($4,729)
CZ06 | SCE 2,648 90 1.24 3% $8,943 $11,646| $11,427 1.3 1.3 $2,703| $2,484
Cz062 | LADWP 2,648 90 1.24 3% $8,943 $7,329| $11,427 0.8 1.3 | ($1,614)| $2,484
Cz07 | SDG&E 2,376 49 0.95 2% $9,194 $20,103 $9,779 2.2 11| $10,909 $585
Cz08 | SCE 2,822 72 1.20 3% $9,645 $11,989| $12,877 1.2 1.3 $2,344| $3,233
CZ082 | LADWP 2,822 72 1.20 3% $9,645 $7,427| $12,877 0.8 1.3 | ($2,218)| $3,233
CZ09 | SCE 4,206 88 1.73 4% $10,446 $16,856| $18,745 1.6 1.8 $6,410| $8,299
CZ092 | LADWP 4,206 88 1.73 4% $10,446 $10,604| $18,745 1.0 1.8 $158 | $8,299
CZ10 | SDG&E 4,226 119 1.88 4% $9,514 $36,412| $19,008 3.8 2.0 | $26,898| $9,494
CzZ1@2 | SCE 4,226 119 1.88 4% $9,514 $17,094| $19,008 1.8 2.0 $7,580| $9,494
Cz11 | PG&E 4,188 225 2.56 4% $10,479 $31,872| $22,393 3.0 21| $21,392| $11,913
Cz12 | PG&E 3,675 214 2.34 4% $10,409 $29,653| $20,525 2.8 2.0| $19,243| $10,115
CzZ122 | SMUD 3,675 214 2.34 4% $10,409 $12,823| $20,525 1.2 2.0 $2,414| $10,115
CzZ13 | PG&E 4,818 180 2.46 4% $9,809 $34,149| $23,623 3.5 24| $24,340| $13,814
CzZ14 | SDG&E 6,439 153 2.71 4% $12,103 $44,705| $26,348 3.7 22| $32,601| $14,245
CZ142 | SCE 6,439 153 2.71 4% $12,103 $22,032| $26,348 1.8 2.2 $9,929| $14,245
Cz15 | SCE 8,802 48 2.76 5% $12,534 $25,706| $31,402 2.1 25| $13,171| $18,868
Cz16 | PG&E 2,316 390 2.97 3% $11,999 $22,663| $13,888 1.9 1.2 | $10,665| $1,890
Cz16e2 | LADWP 2,316 390 2.97 3% $11,999 $11,921| $13,888 1.0 1.2 ($78) $1,890
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Figure 27. Cost Effectiveness for Medium Retail Packa

e 2 — All-Electric Federal Code Minimum

Elec Gas GHG Comp Lifecycle B/C B/C
Savings Savings Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

(074 Utility | (kwWh) (therms) (mtons) Margin Package Co5st | Savings Savings (Onhill) | (TDV) bill) (TDV)
Package 2: AfElectricFederalCode Minimum

Cz01 | PG&E -29,155 3893 13.85 -4.1% ($23,048) ($8,333)| ($13,910) 2.8 1.7 $14,715 $9,138
CzZ02 | PG&E -21,786 2448 7.49 -1.0% ($27,464) ($16,476)| ($4,483) 1.7 6.1 $10,987| $22,981
CZ03 | PG&E -14,583 1868 6.26 -0.4% ($24,111) $263 ($1,450) >1 16.6 $24,374| $22,661
Cz04 | PG&E -14,186 1706 5.30 -0.1% ($22,896) ($8,753) ($220) 2.6 104.2 $14,143| $22,676
CZ042 | CPAU -14,186 1706 5.30 -0.1% ($22,896) $12,493 ($220) >1 104.2 $35,389| $22,676
CZ05 | PG&E -14,334 1746 5.47 -1.2% ($25,507) ($1,567)| ($4,197) 16.3 6.1 $23,940| $21,309
CZ06 | SCE -7,527 1002 3.32 0.5% ($21,762) $18,590 $1,868 >1 >1 $40,351| $23,630
CZ062 | LADWP -7,527 1002 3.32 0.5% ($21,762) $19,309 $1,868 >1 >1 $41,071] $23,630
CZ07 | SDG&E -3,812 522 1.76 0.3% ($23,762) $54,345 $1,318 >1 >1 $78,107| $25,080
CZ08 | SCE -5,805 793 2.70 0.4% ($26,922) $16,735 $1,846 >1 >1 $43,658| $28,768
CZ082 | LADWP -5,805 793 2.70 0.4% ($26,922) $17,130 $1,846 >1 >1 $44,052| $28,768
CzZ09 | SCE -7,241 970 3.32 0.4% ($32,113) $18,582 $1,978 >1 >1 $50,695| $34,091
CZ092 | LADWP -7,241 970 3.32 0.4% ($32,113) $19,089 $1,978 >1 >1 $51,202| $34,091
CZ10 | SDG&E -10,336 1262 3.99 0.1% ($27,272) $54,453 $505 >1 >1 $81,724| $27,777
Cz1@2 | SCE -10,336 1262 3.99 0.1% ($27,272) $20,996 $505 >1 >1 $48,268| $27,777
CZ11 | PG&E -19,251 2415 7.95 0.5% ($32,202) ($7,951) $2,615 4.1 >1 $24,251| $34,817
Cz12 | PG&E -19,471 2309 7.28 -0.1% ($32,504) ($14,153) ($461) 2.3 70.4 $18,351| $32,042
CZ122 | SMUD -19,471 2309 7.28 -0.1% ($32,504) $12,939 ($461) >1 70.4 $45,443| $32,042
Cz13 | PG&E -16,819 1983 6.15 -0.4% ($28,158) ($10,575)| ($2,022) 2.7 13.9 $17,582| $26,136
CZ14 | SDG&E -13,208 1672 5.44 0.7% ($26,656) $41,117 $4,461 >1 >1 $67,772| $31,117
CZz142 | SCE -13,208 1672 5.44 0.7% ($26,656) $18,467 $4,461 >1 >1 $45,123| $31,117
Cz15 | SCE -2,463 518 2.14 0.9% ($29,544) $16,796 $5,823 >1 >1 $46,339| $35,367
CZ16 | PG&E -41,418 4304 13.23 -12.2% ($25,771) ($49,862)| ($52,542) 0.5 0.5| ($24,091)| ($26,771)
Cz162 | LADWP| -41,418 4304 13.23 -12.2% ($25,771) $39,319| ($52,542) >1 0.5 $65,090| ($26,771)

" The Incremental R&kage Cost is the addition ofalincremental HVAC and water heating equipment costs from Figuaedthe natural gas infrastructure
incremental cost savingsf $28,027(seesection3.3.2.2).
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Figure 28. Cost Effectiveness for Medium Retail Package 3A — All-Electric + EE

Elec GHG Comp Lifecycle B/C B/C
Savings Gas Savingg Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

(ov4 Utility | (kWh) (therms) (mtons) Margin Package Cost | Savings Savings (Onhill) | (TDV) bill) (TDV)
Package3A: All-Electric+ EE

Cz01 | PG&E -5,478 3893 20.64 15% ($20,336) $63,593| $51,224 >1 >1 $83,929| $71,560
Cz02 | PG&E 2,843 2448 14.58 13% ($21,895) $74,997| $56,893 >1 >1 $96,892| $78,788
CzZ03 | PG&E 7,791 1868 12.73 16% ($18,542) $68,968| $56,586 >1 >1 $87,511| $75,128
Cz04 | PG&E 8,572 1706 11.89 14% ($17,327) $81,957| $57,904 >1 >1 $99,284| $75,231
CZ042 | CPAU 8,572 1706 11.89 14% ($17,327) $63,082| $57,904 >1 >1 $80,408| $75,231
CZ05 | PG&E 6,973 1746 11.68 15% ($19,938) $63,677| $51,949 >1 >1 $83,615| $71,887
CZ06 | SCE 7,431 1002 7.72 11% ($19,050) $47,072| $42,610 >1 >1 $66,122| $61,660
CZ062 | LADWP 7,431 1002 7.72 11% ($19,050) $37,078| $42,610 >1 >1 $56,128| $61,660
CZ07 | SDG&E 14,350 522 6.98 13% ($18,193) $127,461| $50,828 >1 >1 | $145,654| $69,021
CZ08 | SCE 8,524 793 6.90 10% ($24,210) $43,679| $42,258 >1 >1 $67,890| $66,468
CZ082 | LADWP 8,524 793 6.90 10% ($24,210) $34,038| $42,258 >1 >1 $58,248| $66,468
CzZ09 | SCE 8,403 970 7.81 10% ($26,545) $47,819| $47,356 >1 >1 $74,364| $73,901
CZ092 | LADWP 8,403 970 7.81 10% ($26,545) $37,934| $47,356 >1 >1 $64,478| $73,901
CZ10 | SDG&E 11,737 1262 10.23 12% ($21,703) $137,436| $58,761 >1 >1 | $159,139| $80,464
Cz1@2 | SCE 11,737 1262 10.23 12% ($21,703) $58,257| $58,761 >1 >1 $79,959| $80,464
Cz11 | PG&E 5,892 2415 15.13 12% ($26,633) $85,256| $65,859 >1 >1| $111,889| $92,492
Cz12 | PG&E 5,548 2309 14.46 12% ($26,935) $80,631| $63,903 >1 >1 | $107,566| $90,838
Cz122 | SMUD 5,548 2309 14.46 12% ($26,935) $59,311| $63,903 >1 >1 $86,246| $90,838
Cz13 | PG&E 10,184 1983 14.15 14% ($25,446) $110,105| $80,604 >1 >1 | $135,551| $106,050
CZ14 | SDG&E 16,583 1672 13.83 15% ($23,944) $171,200| $88,471 >1 >1 | $195,145| $112,415
CZ142 | SCE 16,583 1672 13.83 15% ($23,944) $656,178| $159,604 >1 >1 | $680,122| $183,548
Cz15 | SCE 23,642 518 9.44 12% ($26,832) $65,573| $76,781 >1 >1 $92,404| $103,612
CZ16 | PG&E -18,232 4304 19.80 3% ($23,059) $38,796| $14,152 >1 >1 $61,855| $37,211
Czie2 | LADWP| -18,232 4304 19.80 3% ($23,059) $67,793| $14,152 >1 >1 $90,852| $37,211
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Figure 29. Cost Effectiveness for Medium Retail Package 3B — All-Electric + EE + PV+ B

B/C
Elec Gas GHG Lifecycle Ratio B/C
Savings Savings savings Compliance Incremental Energy Cost| $-TDV ©On Ratio | NPV (On NPV

(074 10U territory (kwWh) (therms) (tons) Margin (%) Packae Cost Savings Savings bill) (TDV) bill) (TDV)
All-Electric + PV + B

CZ01 | PG&E 137,956 3893 50.51 15% $254,335 $510,831| $374,432 2.0 15| $256,496| $120,097
CzZ02 | PG&E 173,387 2448 49.87 13% $252,777 $590,112| $463,431 2.3 1.8 | $337,336| $210,654
CZ03 | PG&E 180,055 1868 48.55 16% $256,129 $585,861| $452,399 2.3 1.8 | $329,732| $196,270
CzZ04 | PG&E 184,499 1706 48.38 14% $257,345 $608,814| $481,011 24 1.9 | $351,470| $223,666
CZ042 | CPAU 184,499 1706 48.38 14% $257,345 $465,690| $481,011 1.8 1.9 | $208,345| $223,666
CZ05 | PG&E 185,690 1746 48.84 15% $254,734 $600,933| $461,804 24 1.8 | $346,199| $207,071
CZ06 | SCE 180,968 1002 43.91 11% $255,621 $335,909| $457,959 1.3 1.8 $80,288| $202,337
CZz062 | LADWP 180,968 1002 43.91 11% $255,621 $206,021| $457,959 0.8 1.8 | ($49,601)| $202,337
Cz07 | SDGE 194,837 522 44.67 13% $256,478 $550,714| $478,637 2.1 1.9 | $294,236| $222,159
CZ08 | SCE 184,120 793 43.32 10% $250,461 $340,301| $479,406 1.4 1.9 $89,840| $228,945
CZ082 | LADWP 184,120 793 43.32 10% $250,461 $203,813| $479,406 0.8 1.9 | ($46,648)| $228,945
CzZ09 | SCE 186,346 970 44.77 10% $248,127 $349,524| $474,176 14 1.9 | $101,397| $226,049
CZ092 | LADWP 186,346 970 44.77 10% $248,127 $216,654| $474,176 0.9 1.9 | ($31,473)| $226,049
CZ10 | SDGE 191,923 1262 47.46 12% $252,969 $593,514| $473,605 2.3 1.9 | $340,545| $220,636
CZ1@2 | SCE 191,923 1262 47.46 12% $252,969 $356,958| $473,605 1.4 1.9 | $103,989| $220,636
CZ11 | PG&E 177,639 2415 50.26 12% $248,039 $585,689| $489,317 24 2.0 | $337,650| $241,278
Cz12 | PG&E 176,919 2309 49.46 12% $247,736 $591,104| $484,702 2.4 2.0 | $343,368| $236,966
Cz122 | SMUD 176,919 2309 49.46 12% $247,736 $335,286| $484,702 1.4 2.0 $87,550| $236,966
Cz13 | PG&E 183,129 1983 49.48 14% $249,226 $608,560| $483,670 24 1.9 | $359,334| $234,444
CZ14 | SDG&E 208,183 1672 52.54 15% $250,727 $593,232| $544,079 2.4 2.2 | $342,505| $293,351
Cz142 | SCE 264,589 1672 80.97 15% $250,727 $656,178| $580,403 2.6 2.3 | $405,450| $329,676
Cz15 | SCE 205,869 518 45.67 12% $247,840 $347,125| $493,339 1.4 2.0 $99,285| $245,499
CZ16 | PG&E 176,114 4304 60.13 3% $251,612 $567,822| $446,795 2.3 1.8 | $316,210| $195,183
CZz162 | LADWP 176,114 4304 60.13 3% $251,612 $241,757| $446,795 1.0 1.8 ($9,856) | $195,183
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Figure 30. Cost Effectiveness for Medium Retail Package 3C — All-Electric + HE

Elec Gas GHG Comp Lifecycle B/C B/C
Savings Savings Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

(074 Utility | (kwh) (therms) (mtons) Margin Package Cost | Savings Savings (Onbill) | (TDV) bill) (TDV)
Package 3QAll-Electric+ HE

CZ01 | PG&E -26,199 3893 14.76 -2% ($587) $369 ($5,757) >1 0.1 $956 | ($5,170)
CZ02 | PG&E -16,989 2448 8.95 3% ($4,211) $12,323| $11,251 >1 >1 $16,534| $15,463
CZ03 | PG&E -11,703 1868 7.15 2% ($2,213) $9,159 $6,944 >1 >1 $11,372 $9,157
CzZ04 | PG&E -10,675 1706 6.37 3% ($316) $14,317| $11,383 >1 >1 $14,633| $11,700
Cz042 | CPAU -10,675 1706 6.37 3% ($316) $20,599| $11,383 >1 >1 $20,915| $11,700
Cz05 | PG&E -11,969 1746 6.19 1% ($2,298) $5,592 $1,824 >1 >1 $7,890 $4,122
CZ06 | SCE -3,919 1002 4.35 3% $1,418 $29,751| $13,734 21.0 9.7 $28,333| $12,316
Cz062 | LADWP| -3,919 1002 4.35 3% $1,418 $25,891| $13,734 18.3 9.7 $24,473| $12,316
CZ07 | SDG&E -955 522 2.59 3% ($710) $74,518| $11,229 >1 >1 $75,227| $11,939
CZ08 | SCE -2,224 793 3.74 4% ($3,719) $28,067| $15,075 >1 >1 $31,785| $18,793
CZ082 | LADWP| -2,224 793 3.74 4% ($3,719) $23,848| $15,075 >1 >1 $27,566| $18,793
CzZ09 | SCE -2,089 970 4.84 4% ($8,268) $34,648| $21,162 >1 >1 $42,916| $29,430
CzZ092 | LADWP| -2,089 970 4.84 4% ($8,268) $28,837| $21,162 >1 >1 $37,105| $29,430
CzZ10 | SDG&E -4,868 1262 5.58 4% ($5,222) $91,136| $20,041 >1 >1 $96,358| $25,263
CZ1@2 | SCE -4,868 1262 5.58 4% ($5,222) $37,200| $20,041 >1 >1 $42,422| $25,263
CzZ11 | PG&E -12,651 2415 9.95 5% ($8,217) $29,015| $26,172 >1 >1 $37,232| $34,389
CzZ12 | PG&E -13,479 2309 9.10 4% ($9,239) $20,839| $21,228 >1 >1 $30,078| $30,466
CzZ122 | SMUD -13,479 2309 9.10 4% ($9,239) $26,507| $21,228 >1 >1 $35,746| $30,466
Cz13 | PG&E -9,935 1983 8.23 4% ($4,975) $30,123| $24,063 >1 >1 $35,097| $29,037
Cz14 | SDG&E -5,407 1672 7.71 5% $121 $88,669| $31,029 732.5 256.3 $88,547| $30,908
CZ142 | SCE -5,407 1672 7.71 5% $121 $40,709| $31,029 336.3 256.3 $40,588| $30,908
Cz15 | SCE 6,782 518 4.77 6% ($2,508) $42,238| $37,379 >1 >1 $44,745| $39,887
CZ16 | PG&E -35,297 4304 15.03 -8% $1,102 ($21,384)| ($33,754) -19.4 -30.6 | ($22,486)| ($34,856)
Cz162 | LADWP| -35,297 4304 15.03 -8% $1,102 $48,625| ($33,754) 44.1 -30.6 $47,523| ($34,856)
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4.3 CostEffectiveness Results —Small Hotel

Thefollowingissues must be considered when reviewing the Small Hotel results:

The Small Hotel is a mix of residential and nonresidential spacs,tyyteéchresults in different
occupancy and load profiles than the office and rataitotypes.

A potential laundry load has not been examined for the Small Hoked Reach Code Team
attempted to characterize and apply the energy use intensity of laulediys in hotels butlid

not find readily available data for use. Thus, cost effectiveness including laundry systems has not
been examined.

Contrary to the office and retail prototypes, the Small Hotel baseliater heater is aentral gas
storagetype. Current compliance software cannot model central heat pump water heater
systems with recirculation serving guest roofdhe only modelingption for heat pump water
heatingis individual water heaters at each guest roemen though this is a very uncommon
configuration TRC modeled individual heat pump water heaters but as a proxy for central heat
pump water heating performancgéout integrated costs associated with tank and controls for
central heat pump water heating into cost effectiveness calculations

Assuming central heat pump water heating also enabled the inclusion of ehsbhaaterthermal
collection system, which was aykefficiencymeasureto achieving compliance in nearly all
climate zones.

Figure31throughFigure37 contain the costeffectiveness findings for the Small Hopelckages. Notable
findings for each package include:

1A—Mixed-Fuel + EE:
i Packages achieve +3 to #A@ompliance margins depending on climate zone

I Packages are cost effectiveingeither the OnBill or TDV approach in &FZsexceptl?2
(usingSMUDrates), 14(using SCE ratesgind 15with SCE rates)

I The hotel is primami guest roors with a smalleproportion of nonresidential space.
Thus, the inexpensive VAV nmmum flow measure and lighting measures that have been
applied to the entirety of the Medium Office and Medium Retail prototypes have a
relatively small impadh the Small Hotet?

1B—Mixed-Fuel + EE + PVB Packages are cost effective using either theBlhor TDV
approachin all CZsolar PV generally increases cost effectivermsapared to efficiencynly,
particularly when using an NPV metric

1C-Mixed-Fuel + HEPackages achieve to +36 compliance margins depending on climate
zone The packagas cost effective using the GRill approach ira minority of climate zones, and
cost effectiveusing TD\Approachonly in CZ15

23 The I0Us and CEC are actively working on including central heat pump water heater modeling with recirculation systems in
early 2@0.

24 Title 24 requires that hotel/motel guest room lighting design comply with the residentiinggstandards, which are all
mandatory and are not awarded compliance credit for improved efficacy.
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2 —All-Electric Federal CodBlinimum Reference:

i This allelectric design does not comply with the Energy Commission’s TDV performance
budget.Packages achieve betwees0% and 4% compliance margins depending on climate
zone Thismay be because the modelétiVsystemis constrained tdavingan artificially low
efficiency to avoid triggering federal pesmption, andthe heat pump space heating systems
must operate overnight when operation is less efficient.

i All packages are cost effective in all climate zones

3A—All-Electric + EEPackage achieve positive compliance margins in all CZs rangingOfatm
+17%, except CZ16 which hadl®% compliance margirll packages are cost effective in all
climate zonesThe improved degree of cost effectiveness outcomes in Package 3A compared to
Package 1A appear to be due to ignificant incremental package cost savings

3B-All-Electric + EE + PVB All packages are cost effective. Packages improB2C ratio when
compared ta3Aandincrease in magnitude of overall NPV sasify/ appears to be more cest
effective with higher building electricity loads.

3C-All-Electric + HE:

I Packageslo not comply with Title 24 all CZs except CZdAich resulted in &0.046
compliance margin

I All packages are cost effective.
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Figure 31. Cost Effectiveness for Small Hotel Package 1A — MixedFuel + EE

Elec GHG Comp Lifecycle B/C B/C
Savings Gas Savings Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

(074 Utility | (kwh) (therms) (mtons) Margin Package Cost | Savings Savings | (Onbhill) | (TDV) bill) (TDV)
Package 1A: Mixed FuelEE

CZ01 | PG&E 3,855 1288 5.65 9% $20,971 $34,339| $36,874 1.6 1.8 $13,368| $15,903
CZ02 | PG&E 3,802 976 3.91 7% $20,971 $26,312| $29,353 1.3 1.4 $5,341| $8,381
Cz03 | PG&E 4,153 1046 4.48 10% $20,971 $31,172| $35,915 1.5 1.7 $10,201| $14,944
CzZ04 | PG&E 5,007 395 0.85 6% $21,824 $24,449| $24,270 1.1 1.1 $2,625| $2,446
CZ042 | CPAU 4,916 422 0.98 6% $21,824 $18,713| $24,306 0.9 1.1 ($3,111)| $2,483
Cz05 | PG&E 3,530 1018 4.13 9% $20,971 $28,782| $34,448 1.4 1.6 $7,810| $13,477
CZ052 | SCG 3,530 1018 4.13 9% $20,971 $23,028| $34,448 1.1 1.6 $2,057 | $13,477
CZ06 | SCE 5,137 418 1.16 8% $21,824 $16,001| $26,934 0.7 1.2 ($5,823)| $5,110
CZ062 | LADWP| 5,137 418 1.16 8% $21,824 $11,706| $26,934 0.5 1.2 | ($10,118)| $5,110
Cz07 | SDG&E 5,352 424 1.31 8% $21,824 $26,699| $27,975 1.2 1.3 $4,876| $6,152
Cz08 | SCE 5,151 419 1.21 7% $21,824 $15,931| $23,576 0.7 1.1 ($5,893)| $1,752
CZ082 | LADWP| 5,151 419 1.21 7% $21,824 $11,643| $23,576 0.5 1.1 | ($10,180)| $1,752
CZ09 | SCE 5,229 406 1.16 6% $21,824 $15,837| $22,365 0.7 1.0 ($5,987) $541
CZ092 | LADWP| 5,229 406 1.16 6% $21,824 $11,632| $22,365 0.5 1.0 | (%$10,192) $541
CZ10 | SDG&E 4,607 342 0.92 5% $21,824 $25,506| $22,219 1.2 1.0 $3,683 $396
CZ1@2 | SCE 4,607 342 0.92 5% $21,824 $13,868| $22,219 0.6 1.0 ($7,956) $396
CzZ11 | PG&E 4,801 325 0.87 4% $21,824 $22,936| $19,503 1.1 0.9 $1,112| ($2,321)
Cz12 | PG&E 5,276 327 0.90 5% $21,824 $22,356| $21,305 1.0 0.98 $532 ($519)
Cz122 | SMUD 5,276 327 0.90 5% $21,824 $15,106| $21,305 0.7 0.98 ($6,717) ($519)
CzZ13 | PG&E 4,975 310 0.87 4% $21,824 $23,594| $19,378 1.1 0.9 $1,770| ($2,445)
CzZ14 | SDG&E 4,884 370 0.82 4% $21,824 $24,894| $21,035 1.1 0.96 $3,070 ($789)
CZ142 | SCE 4,884 370 0.82 4% $21,824 $14,351| $21,035 0.7 0.96 ($7,473) ($789)
Cz15 | SCE 5,187 278 1.23 3% $21,824 $13,645| $18,089 0.6 0.8 ($8,178)| ($3,735)
CZ16 | PG&E 2,992 1197 4.95 6% $20,971 $27,813| $30,869 1.3 15 $6,842| $9,898
CZ162 | LADWP| 2,992 1197 4.95 6% $20,971 $19,782| $30,869 0.9 15 ($1,190)| $9,898
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Elec Gas GHG Comp Lifecycle B/C B/C
Savings Savings Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV(On | NPV

CzZ Utility (kwWh) (therms) (mtons) Margin Package Cost | Savings Savings (Onbill) | (TDV) bill) (TDV)
Package B: Mixed Fuek EE+ PV + B

CZ01 | PG&E 107,694 1288 28.73 9% $228,341 $366,509| $295,731 1.6 1.3 | $138,168| $67,390
CzZ02 | PG&E 130,144 976 31.14 7% $228,341 $359,248| $336,575 1.6 15| $130,907| $108,233
CZ03 | PG&E 129,107 1046 31.57 10% $228,341 $430,737| $335,758 1.9 15| $202,396| $107,416
CzZ04 | PG&E 132,648 395 28.46 6% $229,194 $355,406| $338,455 1.6 15| $126,212| $109,262
CZ042 | CPAU 132,556 422 28.59 6% $229,194 $322,698| $338,492 1.4 1.5 $93,504| $109,298
CZ05 | PG&E 136,318 1018 32.73 9% $228,341 $452,611| $352,342 2.0 15| $224,269| $124,001
CZ052 | SCG 136,318 1018 32.73 9% $228,341 $446,858| $352,342 2.0 15| $218,516| $124,001
CzZ06 | SCE 131,051 418 28.47 8% $229,194 $217,728| $336,843 0.9 15| (%$11,466)| $107,649
Cz0e2 | LADWP| 131,051 418 28.47 8% $229,194 $131,052| $336,843 0.6 15| ($98,142)| $107,649
CzZ07 | SDG&E 136,359 424 29.63 8% $229,194 $306,088| $345,378 1.3 1.5 $76,894| $116,184
CzZ08 | SCE 132,539 419 28.85 7% $229,194 $227,297| $353,013 1.0 1.5 ($1,897)| $123,819
CzZ08 | LADWP| 132,539 419 28.85 7% $229,194 $134,739| $353,013 0.6 15| (%$94,455)| $123,819
Cz09 | SCE 131,422 406 28.82 6% $229,194 $230,791| $343,665 1.0 1.5 $1,597 | $114,471
CZ092 | LADWP| 131,422 406 28.82 6% $229,194 $136,024| $343,665 0.6 15| ($93,170)| $114,471
CzZ10 | SDG&E 134,146 342 29.05 5% $229,194 $339,612| $342,574 15 15| $110,418| $113,380
Czie2 | SCE 134,146 342 29.05 5% $229,194 $226,244| $342,574 1.0 1.5 ($2,949)| $113,380
CzZ11 | PG&E 128,916 325 27.62 4% $229,194 $352,831| $337,208 15 15| $123,637| $108,014
Cz12 | PG&E 131,226 327 28.04 5% $229,194 $425,029| $338,026 1.9 15| $195,835| $108,832
CzZ122 | SMUD 131,226 327 28.04 5% $229,194 $213,176| $338,026 0.9 15| ($16,018)| $108,832
CZ13 | PG&E 127,258 310 27.33 4% $229,194 $351,244| $324,217 15 1.4 | $122,050| $95,023
CZ14 | SDG&E 147,017 370 30.96 4% $229,194 $861,445| $217,675 3.8 0.9 | $632,251| ($11,518)
Cz142 | SCE 147,017 370 30.96 4% $229,194 $244,100| $381,164 1.1 1.7 $14,906| $151,970
Cz15 | SCE 137,180 278 29.12 3% $229,194 $225,054| $348,320 1.0 1.5 ($4,140)| $119,127
CzZ16 | PG&E 141,478 1197 34.60 6% $228,341 $377,465| $357,241 1.7 1.6 | $149,124| $128,899
Cz162 | LADWP| 141,478 1197 34.60 6% $228,341 $136,563| $357,241 0.6 1.6 | ($91,778)| $128,899
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Figure 33. Cost Effectiveness for Small Hotel Package 1C — MixedFuel + HE

Elec GHG Comp Lifecycle B/C B/C
Savings Gas Savingd Reductions liance Incremental Utility Cost $TDV Ratio Ratio NPV (On | NPV

(074 Utility | (kwh) (therms) (mtons) Margin Package Cost | Savings Savings | (Onbill) | (TDV) bill) (TDV)
Package € Mixed Fue+ HE

CZ01 | PG&E 10 632 3.76 2% $22,839 $11,015| $10,218 0.5 0.4 ($11,823)| ($12,621)
Cz02 | PG&E 981 402 2.69 3% $23,092 $16,255| $11,808 0.7 0.5 ($6,837)| ($11,284)
Cz03 | PG&E 81 383 2.30 2% $20,510 $7,066 $6,850 0.3 0.3 | ($13,444)| ($13,660)
Cz04 | PG&E 161 373 2.26 2% $22,164 $8,593 $7,645 0.4 0.3 | ($13,571)| ($14,519)
CZ042 | CPAU 161 373 2.26 2% $22,164 $7,097 $7,645 0.3 0.3 | (%$15,067)| ($14,519)
CZ05 | PG&E 154 361 2.19 2% $21,418 $6,897 $6,585 0.3 0.3 | ($14,521)| ($14,833)
CZ052 | SCG 154 361 2.19 2% $21,418 $4,786 $6,585 0.2 0.3 | (%$16,632)| ($14,833)
CZ06 | SCE 237 201 1.27 2% $20,941 $3,789 $4,882 0.2 0.2 | ($17,152)| ($16,059)
Cz062 | LADWP| 237 201 1.27 2% $20,941 $3,219 $4,882 0.2 0.2 | ($17,722)| ($16,059)
Cz07 | SDG&E 1,117 158 1.28 2% $19,625 $13,771 $7,342 0.7 0.4 ($5,854)| ($12,283)
Cz08 | SCE 1,302 169 1.39 2% $20,678 $8,378 $8,591 0.4 0.4 | ($12,300)| ($12,088)
CZ08 | LADWP| 1,302 169 1.39 2% $20,678 $5,802 $8,591 0.3 0.4 | ($14,877)| ($12,088)
CZ09 | SCE 1,733 178 1.56 3% $20,052 $10,489| $11,164 0.5 0.6 ($9,563)| ($8,888)
CZ092 | LADWP| 1,733 178 1.56 3% $20,052 $7,307| $11,164 0.4 0.6 | ($12,745)| ($8,888)
CZ10 | SDG&E 3,170 220 2.29 4% $22,682 $35,195| $19,149 1.6 0.8 $12,513| ($3,533)
CzZ1@2 | SCE 3,170 220 2.29 4% $22,682 $16,701| $19,149 0.7 0.8 ($5,981)| ($3,533)
Cz11 | PG&E 3,343 323 2.96 4% $23,344 $27,633| $20,966 1.2 0.9 $4,288| ($2,379)
Cz12 | PG&E 1,724 320 2.44 4% $22,302 $11,597| $15,592 0.5 0.7 | (%$10,705)| ($6,710)
CzZ122 | SMUD 1,724 320 2.44 4% $22,302 $11,156| $15,592 0.5 0.7 | ($11,146)| ($6,710)
CzZ13 | PG&E 3,083 316 2.81 3% $22,882 $23,950| $17,068 1.0 0.7 $1,068| ($5.814)
CzZ14 | SDG&E 3,714 312 2.99 4% $23,299 $35,301| $21,155 15 0.9 $12,002| ($2,144)
CZ142 | SCE 3,714 312 2.99 4% $23,299 $18,460| $21,155 0.8 0.9 ($4,839)| (%$2,144)
Cz15 | SCE 8,684 97 3.21 5% $20,945 $26,738| $31,600 1.3 15 $5,792| $10,655
Cz16 | PG&E 836 700 4.42 3% $24,616 $18,608| $14,494 0.8 0.6 ($6,007)| ($10,121)
Cz162 | LADWP| 836 700 4.42 3% $24,616 $15,237| $14,494 0.6 0.6 ($9,378)| ($10,121)
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